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Abstract 
Background: Poor sleep health is increasingly prevalent in the United States (US) adult 
population and contributes to fatigue. Fatigue is a significant safety hazard within civilian 
aviation, yet data regarding the prevalence of inadequate sleep in this population is sparse. Are 
there demographic characteristics which put individual at risk of not obtaining adequate sleep 
which should trigger screening during the medical certification process?  
Methods: This cross-sectional study used National Health Interview Survey 2014-2016 data from 
US adults aged 18 to 65 to observe the relationship of demographic, socioeconomic, health, and 
behavioral characteristics with reported inadequate sleep duration and quality (trouble falling and 
staying asleep, waking not rested, and use of medication for sleep). A multivariable regression 
model was used to generate adjusted prevalence ratios for each of the five sleep outcomes.  
Results: Of the 76,347 cases included, 34% did not meet sleep duration recommendations, and 
poor sleep quality outcomes were reported in 12.5% to 46%. In the full model, weak statistically 
significant associations were found between all characteristics and at least one sleep outcome, 
yet few associations were strong enough to be clinically relevant. The strongest associations for 
poor sleep were seen with poor/fair health status, joint pain, and experiencing serious 
psychological distress.  
Conclusions: Sleep is governed by complex relationships, but no particular sociodemographic 
group was identified to be at higher risk of reporting inadequate sleep measures. It is suggested 
to consider routine screening of all aviation personnel for sleep health during the medical 
certification process.  
 Keywords: fatigue, prevalence, health behaviors, flight safety 
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Poor Sleep Health in American Adults: Implications for Screening in Civil Aviation 
Sleep, a biologic necessity, is increasingly being recognized as pivotal to an individuals’ 
health. Inadequate sleep, either in duration or quality, can have detrimental impacts on mental or 
emotional well-being, physical health, and peak performance (Hartzler, 2014) and contributes to 
chronic disease and mortality (Watson et al., 2015). While sleep disorders, such as insomnias and 
sleep disordered breathing (i.e. Obstructive Sleep Apnea [OSA]) affect up to 30% of the adult 
United States (US) population, many people without these disorders also experience inadequate 
sleep due to a complex interplay of biologic, environmental and behavioral factors. In 2006, the 
Institute of Medicine (2006) estimated that between 50 and 70 million American adults suffered 
from a chronic sleep disturbance or disorder. In response to the increased proportion of 
Americans who are ‘short sleepers’ (obtaining 6 hours or less of sleep), the Centers for Disease 
Control (CDC) proclaimed America’s poor sleep a public health epidemic. Additionally, Healthy 
People 2020 added sleep as a new topic of interest (U.S. Department of Health and Human 
Services, 2010). Unfortunately, over the last decade the number of American adults obtaining 
inadequate sleep has risen almost 10% (U.S. Department of Health and Human Services, 2010; 
Centers for Disease Control and Prevention [CDC], 2012). Trends in outpatient care in the US 
tell the same story. Over the first decade of the 21st century there was a 29% increase in office 
visits for any sleep disturbance, a 266% increase in the number of visits related to any sleep 
diagnosis, and a 200% increase in rate of prescription of any sleep medication (Ford, Wheaton et 
al., 2014).  
Deficits in quantity or quality of sleep also have economic impacts. Direct medical costs 
of sleep disorders are estimated to cost hundreds of billions of dollars annually, and indirectly, 
sleep deficits have been linked with impaired work performance, absenteeism, and increased 
disability (Institute of Medicine, 2006). Insomnia alone directly contributes to at least 8% of all 
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costly workplace accidents and errors and is estimated to cost the US over 30 billion dollars on a 
yearly basis (Shahly et al., 2012). The economic burden of poor sleep also extends into the 
transportation industry. Fatigue is reported to be a cause or contributor in 20% of all major, 
operator-dependent accidents investigated by the National Transportation Safety Board (NTSB, 
2017a).  
One area of the transportation industry where fatigue and sleep health has been in the 
spot light is aviation. Prevalence of fatigue is increased in both air and ground crew due to 
occupational factors such as shift work, time zones changes, and difficulties in obtaining true 
crew rest (Reis, Mestre, Canhoa, Gradwell, & Paiva, 2016a; Hartzler, 2014; Jackson & Earl, 
2006; Caldwell et al., 2009). Consequently, fatigue poses one of the largest threats to aviation 
safety. In response, all elements of aviation are tackling the issue on multiple levels with 
development and implementation of Fatigue Risk Management Systems (FRMS), now a 
mandatory requirement for US commercial carriers (Rudari, Sperlak, Geske, Jones, & Johnson, 
2014; Caldwell et al., 2009). Within a FRMS, responsibilities lie with both the organization and 
the individual worker. While the organization is responsible for mitigation of work related causes 
of fatigue (ex. work hours, scheduling), and for providing fatigue education to all employees, the 
individual is responsible for both work-related factors (ex. reporting dangerous fatigue levels) 
and managing non-work-related contributors such as lifestyle, and medical disorders. Concerning 
medical disorders, there lies responsibility with the Aviation Medical Examiner (AME) to ensure 
sleep disorders are recognized, diagnosed and treated to a level that no longer poses a risk to 
flight safety.  
From a sleep screening and prevention standpoint, OSA has been singled out as a leading 
contributor to unsafe levels of fatigue. The Federal Aviation Administration (FAA, 2015) has 
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mandated that AMEs will routinely screen for OSA when issuing medical certificates. While is it 
true that many people at high risk for sleep apnea are undiagnosed, it is arguably not the sole or 
largest contributor to fatigue within the aviation industry. As of 2016, the NTSB database had 
documented 294 accidents where a sleep disorder was listed as part of the operator’s history, 
only 34 of which were related to OSA (FAA, 2015). How well are we screening for these other 
sleep disorders or disturbances leading to poor sleep health? Many patients complain of sleep-
related issues, but in comparison to other lifestyle issues, sleep is a largely ignored topic. In fact, 
medical providers rarely inquire about sleep especially on the level of duration or quality. Less 
than 50% of primary care health intake assessments ask any questions about sleep health, and the 
ones that do are somewhat arbitrary and not comprehensive (Sorscher, 2008). This holds true in 
aviation medicine as well. Outside of OSA screening, AMEs are not mandated to ask any further 
questions pertaining to sleep, even though studies of sleepiness and fatigue in pilots have 
demonstrated a correlation between sleep complaints and levels of experienced fatigue (Reis et 
al., 2016b). When health and career go hand in hand, aviation personnel are hesitant to 
spontaneously mention health issues that they perceive as having potential to impact their flying 
status. In the United Kingdom, 70% of AMEs believe that pilots are often reluctant to report 
fatigue (European Cockpit Association, 2012). While the FAA medical certification process is 
not a preventative medicine exam, if aviation patients are unlikely to broach the subject, and 
sleep is inadequately assessed by the AME, a potentially modifiable element of health is being 
left untouched. Given that fact that primary care providers (PCPs) have been effective in 
changing patient health habits in a variety of other areas, sleep should be a subject worthy of 
consideration (Sorscher, 2008).   
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Perhaps then, we should be looking further upstream, routinely probing aviation 
personnel about their sleep health. It has been proposed that we should treat sleep as a vital sign, 
asking routinely about it in primary medicine encounters (Grandner & Malhtra, 2015). However, 
in a culture of increasing demands in an already busy flight medical visit, what is the best way to 
incorporate sleep screening and discussion? Should this be implemented on a routine basis, or 
can we identify sub groups of the population that may be at a higher risk of poor sleep heath due 
to sociodemographic, health or behavioral differences? 
Statement of Purpose 
The purpose of this study is to estimate the prevalence of poor sleep health in the general 
adult US population aged 18 to 65 years old from a large nationally representative database. The 
intent is to determine if there are certain sociodemographic, behavioral or health factors which 
put a person at higher risk for not meeting recommended sleep duration or experiencing 
difficulty with sleep quality. If at-risk groups are identified, how can this information be used to 
efficiently screen for poor sleep health in the civilian aviation population?  
Literature Review 
 The following review of the literature summarizes key concepts that are important to 
understanding sleep, fatigue, and the importance in civilian aviation. The literature review 
represents knowledge gathered from the fields of medicine, public health, and aviation. The 
works cited are a collection of various literature sources located through an electronic search of 
databases (PubMed, Web of Science). A secondary search for sources came through review of 
literature referenced in key papers, as well from recommendations from colleagues in the field of 
aviation.  
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The literature review begins with a summary of background information on sleep health 
and its defining features. The second portion of this section focuses on the impact of fatigue and 
inadequate sleep in the world of aviation. This is followed by evidence from the literature of 
sociodemographic groups that are at risk for sleep disturbances. The fourth portion of this section 
focuses on the current approaches and challenges associated with screening for sleep health. The 
last section outlines key approaches to sleep health education and risk mitigation and concludes 
with a discussion on potential future strategies. 
Background 
Sleep health is a spectrum. The International Classification of Sleep Disorders (ICSD-3) 
admits that much is still unknown about the classification of sleep disorders and the level of 
disturbance required to meet a clinical diagnosis versus a pattern of poor sleep (Sateia, 2014). 
What determines good versus poor sleep health? The idea of ‘sleep health’ has been vaguely 
defined in past literature as it can be measured over a variety of levels, including self-report, 
behavioural (actigraphy), physiological (polysomnography), and on in-depth genetic and cellular 
levels. Suggested key features of good sleep health include subjective satisfaction, appropriate 
timing, adequate duration, high efficiency, and sustained alertness during waking hours (Buysse, 
2014). Buysse (2014) has proposed the following definition of sleep health as;  
“a multidimensional pattern of sleep-wakefulness, adapted to individual, social, and 
environmental demands, that promotes physical and mental well-being” (p.12).    
Ohayon and colleagues (2017) add to this concept by proposing that sleep duration and quality 
are in part influenced by the intersection of biologic and cultural factors. Key features of these 
definitions as they pertain to aviation are that sleep health is specific to an individual, can be 
adapted to environmental demands, and is influenced by biology and culture. Perhaps by 
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maximizing aviation personnel’s sleep health, we can better prepare them for the occupational 
sleep stressors they will inevitably face during their careers. 
With respect to the individual elements of sleep, the National Sleep Foundation (NSF) 
and American Academy of Sleep Medicine agree that a period of seven to nine hours is the 
recommended sleep duration for optimal health in the majority of American adults aged 18 to 64 
(Watson et al., 2015). Healthy adults may have a sleep duration which occasionally falls outside 
this recommended window, however doing so habitually may point to a medical disorder or 
behavioral choices which may be compromising general health and well being (Hirshkowitz et 
al., 2015).  
In addition to duration, timing and quality are important sleep attributes which impact 
overall health and performance (Czeisler, 2015). Unlike duration, ideal sleep quality is harder to 
quantify as there is not a consistent definition in the literature. The NSF recently published a 
document suggesting that the construct of sleep quality be broken down into individual elements 
including sleep latency, number of awakenings, wake after sleep onset, and sleep efficiency 
(Ohayon et al., 2017). 
Sleep and Fatigue in Aviation 
Inability to achieve sleep adequate in duration or quality can lead to adverse 
consequences such as fatigue, slow reaction time and poor attention. The International Civil 
Aviation Organization (ICAO, 2016) defines fatigue as; 
“ a physiological state of reduced mental or physical performance capability resulting 
from sleep loss or extended wakefulness, circadian phase, or workload mental and/or 
physical activity that can impair a crewmember’s alertness and ability to  perform safety 
related operational duties” (p. xvi).  
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As a testament to it’s importance in aviation, fatigue has been put at the top of the 
NTSB’s “Most Wanted List” and is included in the aviation maintenance sectors “Dirty Dozen” 
as one of the top twelve contributors to human error in aviation (NTSB, 2017a; The Human 
Factors "Dirty Dozen", 2017). The NTSB’s 2017-2018 Most Wanted List contains two action 
items which are relevant to this discussion; reducing fatigue related accidents and requiring 
medical fitness. As part of a comprehensive medical certification system for safety-critical 
transportation personnel, one of the recommendations includes using “specific historical 
questions and physical examination procedures to identify applicants at high risk for sleep 
disorders” (NTSB, 2017b, p. 2). In response to previous aviation incidents and the above 
recommendations, the FAA launched a mandated medical initiative in 2015 to enhance 
identification and treatment of aviators who have OSA. This initiative has been successful in 
diagnosing and referring numerous aviators at risk of OSA who may have previously gone 
unrecognized (NTSB, 2017a).  
However, OSA is not the only contributor to fatigue related incidents in transportation. A 
prospective cohort study looking at the effects of OSA and short sleep on the risk of motor 
vehicle accidents (MVA) concluded that sleep deficiency from either cause significantly 
increased the risk of a MVA. Interestingly, there was no interaction between sleep duration and 
severity of OSA with crash risk. The attributable fractions of MVAs related to OSA and sleep 
duration of less than seven hours were 10% and 9% respectively, arguing that in addition to the 
importance of treating OSA, there is much to be gained in increasing overall adult sleep health 
(Gottlieb, Ellenbogen, Bianchi, & Czeisler, 2018).  
As further support to the benefits of increasing overall sleep health, two recent studies 
have reported improved on-duty alertness in long haul pilots who obtain longer and more 
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efficient pre-duty sleep. Sallinen et. al (2018) demonstrated a stronger association between 
recurrent on-duty sleepiness and improved pre-duty sleep measures than for use of in flight 
alertness management strategies. Compared to ‘regularly sleepy’ long-haul pilots, ‘never sleepy’ 
pilots slept on average 54 to 97 minutes longer pre-duty and had a significantly higher sleep 
wake ratio (Sallinen et al., 2018). In a similar fashion, Gander et al. (2015) concluded that sleep 
wake history provided the best information on pilot fatigue, faring better than psychomotor 
vigilance testing, or measures of wakefulness.   
Despite the emphasis on OSA and resultant fatigue as a risk factor, few studies estimate 
the prevalence of fatigue or risk of sleep disorder in the aviation population. One study of 328 
commercial pilots aged 21 to 65 reported that only 69% obtained six to eight hours of sleep 
daily, 68% had severe fatigue ratings, 34% had excessive daytime sleepiness, and 29% of pilots 
were at risk for OSA warranting further medical work up. Even though pilots rarely accurately 
report their fatigue, 67% of pilots admitted to levels of fatigue leading to mistakes in the cockpit 
(Alijurf, Olaish, & BaHammam, 2018). It has been similarly reported that 50% of European 
pilots felt fatigue was impairing to their performance in flight (European Cockpit Association, 
2012).   
Pertinent to the field of aviation, studies have shown that cognitive performance declines 
both with sleep restriction and with increasing exposure to sleep difficulties (Watson et al., 
2015). Areas of cognitive performance affected include processing speed, working memory, and 
vigilant attention – all of which are paramount in aviation. Interestingly, self-reported sleepiness 
does not show the same association with performance decrement, so caution should be used 
when adopting self-report measures to track potential performance deficits due to fatigue 
(Watson et al., 2015). Work in other areas demonstrates that while there are differences in 
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perception of impairment amongst individuals, overall subjective reporting of impairment 
plateaus in chronic sleep restriction, even while objective impairment measures continue to 
decline. This suggests that individuals may often be unaware of their true level of incapacitation 
due to fatigue, especially if fatigued on a chronic basis (Belenky et al., 2003). 
These findings relating sleep disturbance from any cause to decrement in elements of 
performance critical to flight, highlight the need to investigate sleep at a level deeper than just 
identifying people at risk for OSA. 
Sociodemographic Groups at Risk 
Sleep is largely influenced by many sociodemographic and behavioral factors such as 
age, sex, obesity, physical activity, alcohol use, and mental distress (Garbarino, Lanteri, 
Durando, Magnavita, & Sannita, 2016; Watson et al., 2015; Krueger & Friedman, 2009). 
Environmental and cultural factors interact with these determinants to add to individual 
variability.  
Sleep needs and patterns, along with disturbances, change as we age (Ohayon, 
Carskadon, Guilleminault, & Vitiello, 2004). Several studies have challenged the previous 
medical thought that sleep is unanimously worse in older age ranges. Using Behavioral Risk 
Factor Surveillance System (BRFSS) data, Grandner, Martin et al. (2012) reported a higher 
prevalence of sleep disturbance in younger and middle-aged adults aged 18 to 60 years old, 
compared to the older adult population. This finding was similar in both genders (Grandner, 
Jackson, Pigeon, Gooneratne, & Patel, 2012). A congruent finding that younger age is associated 
with poorer sleep quality was found in a study of 15,000 users of connected personal smart 
devices (Fagherazzi et al., 2017).  
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Many studies have shown that the risk of self-reported sleep disturbance is associated 
with a variety of socioeconomic factors, with those of greater socioeconomic status (SES) 
reporting the least sleep complaints. Consequently, sleep disturbance is increasingly reported in 
those with the inability to work, lower income, and lower educational attainment (Krueger & 
Friedman, 2009; Grandner, Martin et al., 2012). However, there is a complex interplay between 
many of these factors, as demonstrated by a study which reported education was not associated 
with the prevalence of insomnia symptoms in a working population (Shahly et al., 2012). 
Additionally, many behavioral factors that interact with SES have the potential to influence 
sleep. Association with short sleep duration has been reported for nicotine dependence (Odds 
Ratio (OR) 1.9, 95% Confidence Interval (CI) 1.2, 2.9), smoking after 5pm (OR 2.0, 95% CI 1.3, 
3.1) (Leger et al., 2011) and alcohol dependence (OR 2.1, 95% CI 1.3, 3.4) (John, Meyer, 
Rumpf, & Hapke, 2005). 
 While poor sleep is identified as a contributor to several chronic diseases, such as 
cardiovascular disease and diabetes, there are some health conditions which increase the risk of 
not obtaining adequate sleep. For example, experiencing chronic pain symptoms, reporting poor 
overall health status, and sustaining mental distress are consistently associated in the literature 
with not meeting recommending sleep duration (Watson et al., 2015; Krueger & Friedman, 2009; 
Strine & Chapman, 2005). Determining the direction of this relationship is at times difficult, as 
sleep disturbance can exacerbate the chronic health condition or may be a symptom of the 
disorder itself. Cross-sectional studies using national US data have demonstrated that there is an 
inverse linear association with body mass index (BMI) and sleep duration, even after adjusting 
for sleep disorders, particularly in younger aged adults (Ford, Li  et al., 2014; Krueger & 
Friedman, 2009). This finding has been corroborated in other young adult populations (Leger et 
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al., 2011), was seen independent of race or gender, and did not appear to be related to differences 
in physical activity. Interestingly, in a separate study, it was found that BMI was only associated 
with total duration of sleep, and not sleep quality (Fagherazzi et al., 2017).  
When it comes to distinguishing effects on sleep duration and sleep quality, 
sociodemographic factors may have differing effects on and within each construct of sleep 
health. For example, a study of a young adult population in France reported that short sleepers 
are a very heterogeneous group, comprised of insomniacs, people with sleep debt, and normal 
sleepers with no sleep complaints. While certain demographic characteristics were associated 
with short sleep duration as a whole, aside from gender, there were no differences in socio-
demographics between insomniacs, normal sleepers and those with sleep debt. This 
heterogeneity behind the drivers of short sleep poses a challenge from the standpoint of public 
health prevention (Leger et al., 2011). To add further ambiguity, objective measures, such as 
polysomnography and actigraphy, seem to measure constructs of sleep differently than subjective 
measures, such as self-report (Fagherazzi et al., 2017). While many studies using subjective self 
report have determined that women are at a higher risk of reporting problems with sleep quality 
(Grandner, Martin et al., 2012), objective measures tend to favor men as the higher risk group 
(Fagherazzi et al., 2017). 
Screening for Sleep Health 
The purpose of screening as prevention is three-fold: 1) to start a dialogue and increase 
the awareness of risk, 2) to identify people with or at risk of developing a potentially treatable 
disorder, and 3) to implement treatment to control risk. Even though poor sleep has similar 
impacts on health as other lifestyle habits, it is often neglected in primary care. The majority of 
PCPs do not routinely screen patients for sleep history, even in new patient encounters 
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(Senthilvel, Auckley, & Dasarathy, 2011; Garbarino et al., 2016). In an audit of new patient 
questionnaires from 14 national databases, less than 50% contained any sleep questions. If sleep-
related questions were asked, there was often only one question, and not clinically meaningful 
(Sorscher, 2008). This trend has been present since at least the 1990’s and contributes to sleep 
disorders and disturbances being underdiagnosed and untreated (Senthilvel et al., 2011).  
Sleep health is neglected in primary care for many reasons including lack of time, 
competing demands, and lack of resources or support. While preventative care is of high 
importance, there is an ever-growing list of mandated topics to be covered. As controversial as it 
may be, many PCPs do not ask questions for which they are not prepared to deal with the 
answer. Asking a simple ‘how is your sleep’ can lead to vague answers that may be difficult to 
unravel without a detailed sleep history. Additionally, paucity of training in sleep health may 
leave clinicians lacking the confidence to respond to sleep complaints in an efficient way. 
Furthermore, even if symptoms suggestive of a sleep disorder have been identified, there is often 
a lack of diagnostic or specialist services available for referral (Sorscher, 2008).   
Lack of formalized screening recommendations is another factor which further 
contributes to low rates of sleep screening. While many societies such as the American Thoracic 
Society and American College of Physicians have issued statements regarding the importance of 
sleep health, none have come with formal screening recommendations outside of assessment for 
OSA risk (Mukherjee et al., 2015; Qaseem et al., 2014; US Preventative Services Task Force, 
2017). Currently, there are no guidelines from United States Preventative Task Force, American 
Academy of Family Physicians, or CDC recommending routine screening for sleep health.  
Left without a consensus on screening methods, PCPs have the daunting task of 
determining the best tool to screen for sleep health in their population. There are many tools 
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available which are designed to assess the severity of a single sleep disorder, such as the Berlin 
questionnaire, as well as several multidimensional scales designed to screen for the prevalence of 
global sleep disturbance severity, such as the Pittsburgh sleep quality index (PSQI). However, 
many of these tools were not intended for use by non-sleep specialists, are specific to a single 
sleep disorder, and are somewhat lengthy and difficult to score. As good sleep health is not 
simply the absence of a sleep disorder, multiple dimensions must be addressed to allow adequate 
assessment (Knutson et al., 2017; Buysse, 2014). It is best to inquire about sleeps habits over a 
variety of settings, including weekday, weekend, and vacation as sleep duration is not a static 
measure and varies based on social schedule. Due to the differences in biology and social 
schedule, sleep can vary dramatically between work and free days creating a ‘social jet lag’ 
(Wittman, Dinich, Merrow, & Roennebrg, 2006). 
Taking this into account, the NSF recently released a 14-item screening tool entitled the 
Sleep Health Index. This multidimensional tool evaluates sleep health through three separate 
constructs; sleep duration, sleep quality and sleep disorders. Advantages are that it uses a shorter 
recall period, discriminates weekday versus weekend, and includes the impact on daily activity 
(Knutson et al., 2017). As this tool was developed primarily for research, it has yet to be 
validated for use in a clinical role.  
In addition to self-report and clinic validated tools, novel ways to objectively assess sleep 
health are gaining traction. Increased accessibility of wearable technology and smart phones has 
led to the identification of both opportunities and limitations in sleep assessment (Glazer Baron 
et al., 2017). If anything, greater accessibility has increased the general population’s interest in 
sleep health, as it has been deemed one of the most interesting health parameters to track (Glazer 
Baron et al., 2017). However, if using these applications beyond self-interest, validity and 
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reliability of data collection and interpretation must be determined. It has been reported that 
isolated smart-phone applications do not correlate well with polysomnogram (gold standard) 
measurements. Wearable devices and actigraphy have been demonstrated to be reasonably 
reliable and valid in healthy populations with normal sleep patterns but can overestimate sleep 
obtained in those with medical disorders or poor sleep patterns (Sadeh, 2011). As these home 
devices report the best results in healthy sleep populations and do not fare as well in the subset of 
people with poor sleep health or sleep disorders, their clinical use is limited (Kang, Kang, Ko, 
Park, & Mariani, 2017). However, technology is improving every day. Preliminary results have 
demonstrated the ability to screen for sleep disorders, such as OSA, using a smart-phone paired 
with external devices with an accuracy of 92% (Behar et al., 2015). 
Determining the best tool to use for sleep health screening in the civilian aviation 
population is beyond the scope of this paper, but the above discussion provides insight into the 
challenges associated with this task.  
Approaches to Sleep Education and Risk Mitigation 
There have been many scholarly articles and position papers published on the topic of 
fatigue and associated countermeasures. However, to look further upstream, what tools do we 
have to improve someone’s baseline sleep health? If a patient has screened positive for poor 
sleep health but does not meet the level of disturbance required for a sleep diagnosis, what is the 
appropriate treatment? With the growing public health concern over widespread sleep complaints 
in the general population, approaches to sleep hygiene education have been re-examined. A 
recent review explored the role of individual sleep hygiene recommendations in public health 
promotion of good sleep in the adult population with nonclinical sleep problems (Irish, Kline, 
Gunn, Buysse, & Hall, 2015). Sleep hygiene education is cost-effective, easy to disseminate, and 
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accessible. While all of the most commonly touted sleep hygiene recommendations are rooted in 
psychological plausibility, Irish, Kline, Gunn, Buysee, and Hall (2015) outlined a few key things 
to consider. In many cases, sleep hygiene recommendations have been extrapolated from sleep 
disturbance studies, without validation. Furthermore, studies have not examined sleep hygiene 
recommendations in naturalistic environments or addressed the complex interplay of isolated 
changes with other environmental or behavioral patterns. Lastly, there needs to be recognition 
that some sleep practices are used as compensation for an underlying undiagnosed sleep disorder. 
Without treatment of the underlying disorder, changes in sleep hygiene behaviors are unlikely to 
improve sleep. There needs to be the identification of reliable effect moderators to tailor sleep 
hygiene recommendations to the individual.  
The regulatory bodies of civil aviation have recognized the use of sleep hygiene practices 
and have implemented employee fatigue awareness training encompassing this material into the 
requirements of a FRMS. As it is impossible to eliminate risk due to fatigue, a FRMS works in 
three ways to minimize impact: 1) suppress the risk (ex. flight schedules); 2) mitigate the risk 
(ex. counter measures); and 3) maintain operational safety despite the risk (ex. policy and 
procedure). Employee fatigue awareness training falls within the mitigation of risk category. The 
International Air Transport Association has collaborated with ICAO and IFLAPA (International 
Federation to Airline Pilots’ Associations) to develop guidelines for operators on how to 
implement an FRMS. These guidelines further describe safety performance indicators and ways 
to collect and analyse data within an organization to gauge overall levels of fatigue. However, as 
of now, this guidance does not involve the medical certification process (International Air 
Transport Association, 2014). 
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As an adjunct to standard in-office treatment, or medical therapy, there are several online 
treatment programs for people experiencing trouble initiating and maintaining sleep. A recent 
randomized control trial compared an internet-based Cognitive Behavioral Therapy for Insomnia 
(CBT-I) with standard patient-education delivered online and found a greater reduction in 
insomnia symptoms in the CBT-I group. More than 60% of CBT-I participants were classified as 
responders after the nine-week program. Increases in sleep duration and quality were maintained 
at the one year follow up. Similar effects were seen for sleep quality (Ritterband et al., 2017). 
While determining the best way to improve sleep health in those reporting difficulties is beyond 
the scope of this paper, recent research should influence how sleep education is delivered in civil 
aviation. 
Future Directions 
In summary, the literature demonstrates that poor sleep health is highly prevalent in the 
US adult population and that there are certain sociodemographic, health, or behavioral 
characteristics which increase the risk of poor sleep health in certain groups. However, less is 
known about the prevalence of sleep habits within the civil aviation population. Given the 
importance of achieving proper sleep and avoidance of fatigue in aviation safety, how do we 
screen for sleep disturbance and promote proper sleep health in the aviation population? More 
studies are needed to identify high-risk groups within this industry sub-sector, but there is scant 
data published on prevalence rates, and aviators often under report fatigue or sleep symptoms. To 
further identify individuals at higher risk for sleep disturbance, and poor sleep health, this study 
examined responses to questions regarding sleep duration and quality in a representative 
population of US adults who responded to the National Health Interview Survey (NHIS) 2014-
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2016 surveys. A combined, age-restricted sample of adults 18 to 65 years old was used to best 
estimate the ages seen in civilian aviation.  
Methods 
Study Design 
 The observational study conducted was a cross sectional analysis of a nationally 
representative data set.  
Data. Data for this analysis were obtained from the National Center for Health Statistics 
(NCHS) NHIS from the years 2014-2016. The NHIS is an annual cross-sectional household 
survey that is administered by personnel of the US Bureau of Census to a representative sample 
of the civilian, non-institutionalized population in the United States. Each month a probability 
sample of households is chosen for a personal interview based on a multistage area probability 
design. A set of core questions is asked every year which are broken into Family, Sample Adult, 
and Sample Child modules. Additionally, there are a set of enhanced questions which may vary 
from year to year depending on data needs. Data were used from the Person File and Family File 
from the Family Module, as well as the Sample Adult File from the Sample Adult Module. The 
Sample Adult module contains the information for one ‘sample adult’ selected for additional 
questions within each household surveyed. If the selected adult was unable to physically or 
mentally answer for themselves, a knowledgeable family member responded as a proxy. All 
outcome sleep variables were drawn from the Sample Adult component. The annual survey 
response rates for the Sample Adult Module for 2014, 2015, and 2016 were 58.9%, 55.2%, and 
54.3% respectively. All data sets were downloaded from the NHIS website and merged on key 
variables. After merging all nine data sets (Sample Adult and Person File 2014-2016) the case 
number totaled 313,011. 
SLEEP HEALTH AND CIVIL AVIATION 22 
Study Population 
 In 2017, the average age of American civilian pilots with commercial certificates and 
Airline Transport (ATP) certificates was 46.2, and 50.6 years respectively. Women comprise 
only 6% and 4% of these categories of pilots but represent 29% of the non-pilot certificates, 
including mechanics, repairmen and flight attendants (FAA, 2018). Commercial or ATP 
certificates are obtained at the earliest in the early 20’s, and the FAA has deemed that pilots in 
the ATP realm must cease Air Transport flying after the age of 65, but may engage in other 
forms of flying, such as recreational or instructional long after this age limit.  
To create a sample which was comparable in age to civil aviation, the full NHIS 
population was restricted to individuals aged 18 to 65 years old. To be included, individuals had 
to have given valid responses to all five of the sleep questions. Of the 103,397 respondents who 
completed the Sample Adult Modules, 96.1% answered all five sleep questions. Cases removed 
for age restriction (<18 years old and >65 years old) varied on age-associated sociodemographic 
factors. However, the two groups were similar on four of the five sleep outcome variables, with 
prevalence rate differences within 5%. The fifth outcome, ‘not waking rested’ varied by 16.5% 
(30.1% in removed cases vs 46.6% in selected cases). These comparisons suggest that the age-
restricted sample is representative of the survey population.   
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Figure 1. Flow diagram of sample selection process. 
Study Definitions 
Multiple variables were recoded for categorical use and ease of analysis. Please see 
Appendix B for the list of variables used and methods of recoding.  
Sleep outcomes. There were five sleep outcomes of interest which inquired about sleep 
duration and sleep quality: 
Sleep duration. Participants were asked ‘On average, how many hours of sleep do you 
get in a 24-hour period’. Based on the NSF guidelines, adults aged 18 to 64 are recommended to 
sleep for seven to nine hours (Hirshkowitz et al., 2015). The sleep duration variable was 
computed as ‘Meets’ (7-9 hrs) or ‘Does Not Meet’ (<7 or >9 hrs) recommended sleep hours.  
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Sleep quality. Participants were asked four questions regarding sleep quality. ‘In the past 
week how many times did you a) have trouble falling asleep, b) have trouble staying asleep, c) 
wake up feeling well-rested, d) take a medication to help you fall asleep or stay asleep?’ The first 
three variables (a to c) were dichotomized according to a cut off of three days or greater per 
week of trouble falling asleep, trouble staying asleep, or waking not rested. According to the 
ICD-3, the definition of chronic insomnias would require symptoms ≥3 days a week of sleep 
quality symptoms, in addition to other criteria (Sateia, 2014). To maintain format, the variable 
for rested sleep was reverse coded (value -7). A dichotomous variable was created for sleep 
medication use as ‘Yes’ if a sleep medication was used at least once during the week and ‘No’ if 
they did not use a sleep medication. 
Sociodemographic variables. Based on a review of the literature, and data available in 
the NHIS surveys, 16 sociodemographics were observed and divided into four groups: 
demographics, socioeconomic characteristics, health characteristics, and health behaviors.  
Demographics. Age was recoded from a continuous to a categorical variable with three 
categories as follows; 18 to 24, 25 to 44 and 45 to 65. Studies published on determinants of sleep 
have used a wide variety of age categories from five-year to more than 20-year increments. NSF 
recommendation papers demonstrate that sleep patterns vary by age and report recommendations 
for 18 to 25 years old (young adults), 26 to 65 years old (adults), and older than 65 (older adults) 
(Ohayon et al., 2017; Hirshkowitz et al., 2015). The age categories chosen for this paper are 
consistent with recent publications in sleep research (Galinsky, Ward, Joestl, & Dahlhamer, 
2018). Self-reported gender was dichotomized into male and female. Race/ ethnicity was 
reported as non-Hispanic White, Hispanic, non-Hispanic Black, and non-Hispanic other. Marital 
status was determined as per the census guidelines for married or common law. As such, the 
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married category includes unmarried couples that cohabitate. Previously married includes 
divorced, separated, and widowed. The region was determined by US Census region, Northeast, 
Midwest, South, and West. Analysis of sleep complaints reported on the BRFSS survey 
determined that rates of sleep disturbance vary by geographical area on a state and census level. 
As these differences are at least partially independent of factors that influence circadian rhythm, 
such as sunshine, Grandner, Martin et al. (2012) suggest that geographical region should be 
included in models of population sleep health. 
Socioeconomic characteristics. Education was recoded into a three-level categorical 
variable: less than high school, high school diploma/ GED, and at least some college or post 
secondary. Almost all civilian pilots have a high school diploma (other than some recreational or 
sports licenses obtained at the age of 16), and all commercial pilots would have at least some 
college or vocational training. Employment status was recoded into a dichotomous variable 
identifying employment at any time in the last 12 months. Poverty status was obtained from the 
Family File and was recoded into poor (less than 100% of the Federal Poverty Threshold (FPT)), 
near poor (between 100% and 200% of the FPT), and not poor (more than 200% of the FPT). 
Differences in sleep duration and quality have been reported based on whether children are living 
in the home (Krueger & Friedman, 2009). A dichotomous variable was created to reflect whether 
the respondent lived in a household with children under the age of 18. 
Health characteristics. Self-reported health status was used as a determinant of general 
health, as it is a better predictor of an individual’s entire health burden than isolated diagnoses 
(Grandner, Martin et al., 2012). Self-reported health status was recoded into a three-category 
group: fair/ poor, good, and very good/ excellent. BMI was reported based on commonly 
accepted BMI ranges for non-Asian populations, and included; underweight (less than 18.5), 
SLEEP HEALTH AND CIVIL AVIATION 26 
normal (18.5 – 24.99), overweight (25.00-29.99), obesity-class I (30.00-34.99) and obesity - 
class II/III (>35.00). Pain, in particular, joint pain, can impact sleep duration and quality. 
Participants were asked ‘During the past 30 days, have you had any symptoms of pain, aching or 
stiffness in or around a joint (NOT including neck or back)?’ They were also asked, ‘In the past 
3 months did you have low back pain’ and ‘In the past three months did you have neck pain?’ 
These questions specifically asked about pain that lasted a whole day or more and not simply 
minor or fleeting aches and pains. If a positive response was obtained for any of these three 
questions, the person was recoded to positive for joint pain. Symptoms related to mental health 
diagnoses have a large impact on sleep health (Grandner, Jackson et al., 2012). As the prevalence 
of current mental health diagnoses cannot be obtained from this survey population, ‘serious 
psychological distress’, as determined by summing responses to the Kessler-6 (K6) 
psychological distress scale, was used as a marker (Kessler, Barker, & Colpe, 2003). The K6 
scale consists of six questions which were asked in all three NHIS survey years and include how 
often in the last 30 days the respondents felt: 1) so sad that nothing could cheer them up, 2) 
nervous, 3) restless or fidgety, 4) hopeless, 5) everything was an effort, or 6) worthless. Each 
question was scored from ‘0 to 4’ based on a scale of answers ranging from ‘none of the time’ to 
‘all of the time’. The score from each question was summed, with a score of 13 or greater 
indicating serious psychological distress (Kessler et al., 2003).  
Health behaviors. Smoking and alcohol use variables were recoded into separate three-
level categories including: lifetime non-smokers/ non-drinkers, former smokers/ drinkers, and 
current smokers/ drinkers. Physical activity categories were based on the 2008 Activity 
Guidelines for Americans (Tucker, Welk, & Beyler, 2011). Aerobic guidelines include 150 
minutes a week of moderate activity, 75 minutes a week of vigorous activity or a combination of 
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both. To determine if guidelines were met, minutes per week of moderate and vigorous physical 
activity were computed. Strength training guidelines w strength training at least twice a week. 
Statistical Analysis 
 All analyses were carried out using SPSS Statistics for Windows, version 25 (SPSS IBM 
Corp., Armonk, N.Y., USA). Significance was determined using a p value of < .05. Descriptive 
statistics were generated. Means and the standard deviations were reported for all continuous 
variables, and frequencies and 95% confidence intervals (CI) for all categorical variables. 
Weighted unadjusted prevalence ratios for each of the five sleep outcomes were determined for 
each demographic variable using a binomial log link generalized linear model. A hierarchical 
regression approach was used to examine factors associated with sleep outcomes. Groups of 
variables (demographics, socioeconomic characteristics, health characteristics, and health 
behaviors), were entered sequentially into a predictive, multivariable, and modified Poisson 
regression model with robust estimator, and models were compared using Akaike’s Information 
Criterion (AIC). For all five sleep outcomes, the AIC was lowest when the adjusted model 
contained all categories of variables. Models with non-significant variables removed did not 
generate a lower AIC. Each sleep quality outcome model was adjusted for sleep duration. All 
variables were considered categorical, and complete case analysis was implemented for the 
regression models as only participants who provided complete data were included. The model-
adjusted prevalence ratio (APR) estimates obtained from this regression model are presented 
along with 95% CIs. Prevalence ratios (PR) are presented in this analysis as they are less likely 
than odds ratios to overestimate the effect of a predictor on a dependent variable when the 
outcome is common (Tamhane, Westfall, Burkholder, & Cutter, 2016). All cases were weighted 
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appropriately using weighting scores specific to the NHIS Sample Adult file, averaged over three 
years of data collection.  
Results 
Sample Characteristics 
 A total of 76,347 individuals were included in the unadjusted analyses. Estimates of 
sociodemographic and health characteristics as well as sleep outcomes for the total and age 
restricted samples are provided in Table 1. 
Sociodemographic and health characteristics. The mean age was 41.2 (±13.8) years, 
51% were female, and 63% were non-Hispanic White. Approximately two-thirds of the sample 
had at least some college education (64%) and were considered ‘not poor’ (69%), and 78% had 
been employed at some point during the last year. From a health perspective, one-third of the 
sample had a normal BMI (33%), only 3.6% screened positive for ‘serious psychological 
distress’ with a mean K6 score of 2.66 (± 3.95), and 64% described their health status as very 
good or excellent. However almost half of the sample reported some joint pain (46%) and less 
than a quarter met both physical activity guidelines (23%). 
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Table 1 
Weighted Descriptive Estimates of Sleep Outcomes, Sociodemographic, and Health 
Characteristics among the US Adult Population, and Age Restricted Population 18 to 65: 
National Health Interview Survey 2014-2016 (N = 99,372; 76,347) 
 Total Population N = 99,372 Restricted N = 76,347 
Characteristic % (95% CI) %  (95% CI) 
Sleep duration and quality 
Duration of sleep     
      Meets NSF recommendations a 64.59 (64.58, 64.60) 63.85 (63.84, 63.86) 
      Does not meet NSF 
  
35.41 (35.40, 35.42) 36.15 (36.14, 36.16) 
Medication use for sleep c  13.33 (13.33, 13.34) 12.49 (12.48, 12.49) 
Trouble staying asleep b 25.83 (25.83, 25.84) 25.22 (25.21, 25.22) 
Trouble falling asleep b 20.08 (20.08, 20.09) 20.67 (20.66, 20.67) 
Waking not rested b 43.72 (43.72, 43.73) 46.64 (46.63, 46.64) 
Sociodemographic characteristics     
Sex     
     Male 48.24 (48.24, 48.25) 49.03 (49.02, 49.03) 
     Female 51.76 (51.75, 51.76) 50.97 (50.97, 50.98) 
Age     
      18-24 12.41 (12.41, 12.41) 15.07  (15.06, 15.07) 
      25-44 34.27 (34.27, 34.28) 41.61 (41.61, 41.62) 
      45-65 35.69 (35.68, 35.69) 43.32 (43.32, 43.33) 
      > 65 17.63 (17.62, 17.63) - - 
Race     
     White Non-Hispanic 65.77 (65.76, 65.77) 62.97 (62.96, 62.98) 
     Hispanic 15.59 (15.59, 15.60) 17.24 (17.24, 17.25) 
     Non-Hispanic Black 11.91 (11.91, 11.92) 12.64 (12.64, 12.65) 
     Non-Hispanic other 6.73 (6.72, 6.73) 7.14 (7.14, 7.15) 
Marital status     
     Married 53.47 (53.47, 53.48) 52.92  (52.91, 52.93) 
     Previously Married 19.47 (19.47, 19.48) 15.26 (15.26, 15.27) 
     Single/ Never Married 27.05 (27.05, 27.06) 31.82 (31.81, 31.82) 
Children in the home 34.97 (34.96, 34.98) 41.42 (41.41, 41.42) 
Education      
       At least some college 62.37 (62.36, 62.38) 64.28 (64.27, 64.28) 
       High School Diploma/ GED 25.07 (25.06, 25.08) 24.14 (24.14, 24.16) 
    < High School Diploma 12.56 (12.56, 12.56) 11.57 (11.57, 11.58) 
Work in Last 12 months 67.97 (67.96, 67.97) 78.30 (78.29, 78.31) 
Poverty status     
     Poor (< 100% FPT) 12.64 (12.64, 12.64) 13.61 (13.60, 13.61) 
     Near poor (< 100% ≤ FPT< 200%) 18.23 (18.22, 18.23) 17.61 (17.61, 17.62) 
     Not poor (≥ 200% FPT) 69.13 (69.13, 69.14) 68.77  (68.77, 68.78) 
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 Total Population N = 99,372 Restricted N = 76,347 
Characteristic % (95% CI) %  (95% CI) 
Region     
    West 23.34  (23.33, 23.34) 23.81 (23.81, 23.80) 
    Midwest 22.56 (22.55, 22.56) 22.52 (22.51, 22.52) 
    Northeast 17.58 (17.58, 17.59) 17.25 (17.25, 17.26) 
    South 36.52 (36.52, 36.53) 36.43 (36.42, 36.43) 
Health Characteristics     
BMI (Body Mass Index)     
     Underweight (< 18.5) 1.84 (1.84, 1.84) 1.82 (1.82, 1.82) 
     Normal weight (18.5-24.9) 33.90 (33.90, 33.91) 34.24 (34.23, 34.25) 
     Overweight (25-29.9) 34.44 (34.43, 34.45) 33.61 (33.61, 33.62) 
     Obesity class I (30-34.9) 17.95 (17.94, 17.95) 17.85  (17.84, 17.85) 
     Obesity class II, III (≥ 35.0) 11.87 (11.86, 11.87) 12.48 (12.48, 12.49) 
Smoking status     
     Never smoked 62.18 (62.17, 62.19) 64.41 (64.40, 64.41) 
     Former smoker 22.05 (22.05, 22.06) 18.23 (18.22, 18.23) 
     Current smoker 15.76 (15.76, 15.77) 17.37 (17.36, 17.37) 
Alcohol     
     Lifetime abstainer 20.13  (20.13, 20.14) 19.31 (19.31, 19.32) 
     Former drinker 13.75 (13.75, 13.76) 11.44 (11.44, 11.45) 
     Current drinker 66.11 (66.11, 66.12) 69.24 (69.24, 69.25) 
Combined physical activity guidelines d     
        Meets aerobic and strength 21.41 (21.41, 21.42) 23.32 (23.32, 23.33) 
        Meets aerobic only 28.89 (28.88, 28.89) 29.75 (29.75, 29.76) 
        Meets strength only 3.47 (3.47, 3.47) 3.17 (3.17, 3.17) 
        Meets neither 46.23 (46.23, 46.24) 43.76 (43.75, 43.76) 
Health status      
    Very good/ Excellent 61.08 (61.08, 61.09) 64.22 (64.22, 64.23) 
    Good 26.40 (26.40, 26.41) 24.85 (24.95, 24.96) 
    Fair/ Poor 12.52 (12.51, 12.52) 10.82 (10.82, 10.83) 
Serious psychological distress 3.37 (3.37, 3.37) 3.64 (3.64, 36.64) 
Any pain (joints, neck, back) 48.76 (48.76, 48.77) 45.71 (45.70, 45.72) 
Percentage distributions may not add up to 100% due to rounding 
Abbreviations: APR, Adjusted Prevalence Ratio; BMI, Body Mass Index; FPT, Federal Poverty Threshold; GED, General 
Education Development high school equivalency diploma; NSF, National Sleep Foundation 
 a NSF recommendations include 7-9 hours of sleep per day for adults 18-64 years of age 
 b At least 3 times in the past week 
c 1 or more times in the past week 
 d Based on 2008 Physical Activity Guidelines for Americans  
Sleep outcome characteristics. The mean sleep duration reported was 7.02 (± 1.3) 
hours. Approximately two thirds of the sample met the recommended sleep duration (64%). Of 
those who did not meet these recommendations, 92% were considered short sleepers, obtaining 
six hours of sleep or less a night. While 20% of people reported trouble falling asleep, and 25% 
reported trouble staying asleep, only 12.5% of people reported using a medication to help them 
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sleep. Forty-six percent of the sample reported waking not rested on more days than not. The 
prevalence of each sleep outcome remained stable from 2014 to 2016 as seen in Figure 2.  
 
Figure 2. Sleep outcome prevalence by year in adults aged 18 to 65 from National Health 
Interview Survey 2014-2016. 
When stratifying sleep outcomes by gender (as displayed in Table 2), there was no 
difference between men and women for not meeting sleep duration recommendations, but 
women had a higher prevalence of all negative sleep quality outcomes. When stratifying sleep 
outcomes by age category (as displayed in Table 3), there were differences in the prevalence of 
both sleep duration and quality outcomes between age categories. The prevalence of not meeting 
sleep duration guidelines increased with increasing age category, as did the prevalence of trouble 
staying asleep and use of medication for sleep.  
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Table 2 
Unadjusted Prevalence of Sleep Outcomes among US Adults Aged 18 to 65 Stratified by Gender, 
National Health Interview Survey 2014-2016 
 Men (N = 35,212) Women (N= 41,135) 
Sleep Outcome %  (95% CI) % (95% CI) 
Sleep duration 
       Does not meet NSF recommendations a 
 
35.6 
 
(35.6, 35.7) 
 
36.6 
 
(36.6, 36.7) 
Sleep quality 
      Medication use for sleep c 
   
9.6 
 
(9.6, 9.6) 
 
15.3  
 
(15.3, 15.3) 
      Trouble staying asleep b  20.7  (20.7, 20.7) 29.6 (29.6, 29.6) 
      Trouble falling asleep b  16.7  (16.7, 16.7) 24.5 (24.5, 24.5) 
      Waking not rested b  42.0  (42.0, 42.1) 51.1  (51.1, 51.1) 
a NSF (National Sleep Foundation) recommendations include 7-9 hours of sleep per day for adults 18-64 years of age 
b At least 3 times in the past week 
c 1 or more times in the past week 
 
Table 3 
Unadjusted Prevalence of Sleep Outcomes among US Adults Aged 18 to 65 Stratified by Age 
Category, National Health Interview Survey 2014-2016 
 
Age 18-24  (N = 8,269) Age 25-44 (N= 29,763) Age 45-65 (N=31,555 
) 
Sleep Outcome %  (95% CI) % (95% CI) % (95% CI) 
Sleep duration 
       Does not meet NSF recommendations a 
 
30.4 
 
(30.4, 30.4) 
 
36.4 
 
(36.4, 36.4) 
 
37.9 
 
(37.9, 38.0) 
Sleep quality 
     Medication use for sleep c 
 
7.0 
 
(6.9, 7.0) 
 
10.2 
 
(10.2, 10.2) 
 
16.6 
 
(16.6, 16.6) 
     Trouble staying asleep b  15.1 (15.1, 15.1) 22.4 (22.4, 22.4) 31.5 (31.5, 31.5) 
     Trouble falling asleep b  20.3 (20.3, 20.3) 20.0 (19.9, 20.0) 21.4 (21.4, 21.4) 
     Waking not rested b  42.7 (42.7, 42.7) 49.7 (49.7, 49.7) 45.1 (45.0, 45.1) 
a NSF (National Sleep Foundation) recommendations include 7-9 hours of sleep per day for adults 18-64 years of age 
b At least 3 times in the past week 
c 1 or more times in the past week 
 
Unadjusted prevalence ratios. Table 4 displays the unadjusted prevalence ratios and 
95% CI of each of the five sleep outcomes for the each of the sociodemographic and health 
characteristics.  
 
 
Table 4 
Unadjusted Prevalence Ratios of each Sleep Outcome for among US Adult Population Aged 18 to 65 Years Old, National Health 
Interview Survey 2014-2016 (N= 76,347) 
Characteristic 
Does not meet NSF 
recommendations a 
PR (95% CI) 
Use of sleep 
medication c 
PR (95% CI) 
Wake not rested b 
 
PR (95% CI) 
Trouble falling 
asleep b  
PR (95% CI) 
Trouble staying 
asleep b 
PR (95% CI) 
Sex (Reference =Male)      
     Female 1.03 (1.00, 1.06) * 1.59 (1.51, 1.68)* 1.22 (1.19, 1.24) * 1.46 (1.41, 1.52) * 1.43 (1.38, 1.48) * 
Age (Reference 18-24 years)      
     25-44 years 1.20 (1.14, 1.26) * 1.46 (1.30, 1.65) * 1.16 (1.12, 1.21) * 0.98 (0.92, 1.05)  1.48 (1.37, 1.60) * 
     45-65 years 1.25 (1.19, 1.31) * 2.37 (2.11, 2.66) * 1.06 (1.02, 1.10) * 1.05 (0.99, 1.13)  2.08 (1.93, 2.24) * 
Race (Reference = Non-Hispanic White)      
     Hispanic 1.00 (0.96, 1.03) 0.62 (0.58, 0.68) * 0.93 (0.91, 0.96) * 0.89 (0.84, 0.93) * 0.67 (0.64, 0.71) * 
     Non-Hispanic Black 1.33 (1.29, 1.38) * 0.74 (0.68, 0.79) * 0.96 (0.91,  0.96) * 1.00 (0.95, 1.05) 0.84 (0.80, 0.88) * 
     Non-Hispanic other 1.00 (0.95, 1.05) 0.44 (0.39, 0.51) * 0.84 (0.80, 0.88) * 0.61 (0.56, 0.67) * 0.53 (0.49, 0.58) * 
Marital Status (Reference = Married)      
     Previously married 1.32 (1.28, 1.36) * 1.47 (1.39, 1.56) * 1.13 (1.10, 1.16) * 1.56 (1.49, 1.63) * 1.40 (1.35, 1.46) * 
     Single/ Never married 0.98 (0.95, 1.01) * 0.83 (0.74, 0.89) * 0.99 (0.97, 1.02) * 1.18 (1.13, 1.23) * 0.78 (0.74, 0.81) * 
Children in home (Reference = No) 1.10 (1.07, 1.13) * 0.71 (0.68, 0.75) * 1.14 (1.12, 1.17) * 0.94 (0.90, 0.97) * 0.93 (0.89, 0.96) * 
Education (Reference = ≥ Some college)      
       High School diploma/ GED 1.11 (1.07, 1.14) * 1.01 (0.95, 1.07) 1.00 (0.98, 1.03)  1.21 (1.16, 1.27) *  1.09 (1.05, 1.14) * 
       < High School diploma 1.09 (1.05, 1.14) * 1.07 (0.98, 1.15) 0.97 (0.94, 1.00)  1.26 (1.18, 1.33) * 1.03 (0.97, 1.08)  
Employment in last 12 months (Reference = No) 0.92 (0.89, 0.95) * 0.54 (0.52, 0.57) * 0.98 (0.96, 1.01) 0.62 (0.59, 0.64) * 0.69 (0.67, 0.71) * 
Poverty status (Reference = Not poor (≥ 200% FPT))     
     Poor (< 100% FPT) 1.21 (1.17, 1.26) * 1.33 (1.25, 1.42)* 1.14 (1.11, 1.17) * 1.63 (1.56, 1.71) * 1.23 (1.18, 1.28) * 
     Near poor (< 100% ≤ FPT< 200%) 1.22 (1.19, 1.26) * 1.10 (1.02, 1.17) * 1.12 (1.08, 1.14) * 1.46 (1.39, 1.53) * 1.20 (1.15, 1.25) * 
Region (Reference = West)      
     Midwest 1.05 (1.01, 1.09) * 1.04 (0.96, 1.11) 1.01 (0.98, 1.04)  1.06 (1.01, 1.13) * 1.11 (1.06, 1.17) * 
    Northeast 1.01 (0.97, 1.06) 0.93 (0.85, 1.01) 0.95 (0.91, 0.98) * 0.92 (0.86, 0.98) * 0.96 (0.91, 1.02) * 
    South 1.11 (1.07, 1.14) * 1.10 (1.03, 1.17) * 0.95 (0.92, 0.98) * 1.04 (0.99, 1.09) 1.01 (0.96, 1.05) 
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Characteristic 
Does not meet NSF 
recommendations a 
PR (95% CI) 
Use of sleep 
medication c 
PR (95% CI) 
Wake not rested b 
 
PR (95% CI) 
Trouble falling 
asleep b  
PR (95% CI) 
Trouble staying 
asleep b 
PR (95% CI) 
BMI (Reference = Normal [18.5-24.9])      
     Underweight (< 18.5) 1.18 (1.07, 1.32) * 1.21 (0.99, 1.48)  1.13 (1.04, 1.23) * 1.30 (1.12, 1.50) * 1.12 (1.02, 1.34) * 
     Overweight (25.0-29.9) 1.13 (1.09, 1.17) * 1.07 (1.00,  1.14)* 1.04 (1.01, 1.07) * 1.04 (0.99, 1.09) * 1.10 (1.05, 1.15) * 
     Obesity Class I (30.0-34.9) 1.28 (1.23, 1.33) * 1.20 (1.12, 1.30) * 1.13 (1.10, 1.17) * 1.23 (1.16, 1.30) * 1.31 (1.25, 1.38) * 
      Obesity Class II,III (≥ 35.0) 1.43 (1.38 , 1.49) * 1.41 (1.30, 1.52) * 1.30 (1.26, 1.34) * 1.43 (1.59, 1.64) * 1. 59 (1.52, 1.68) * 
Smoking Status (Reference = Never smoked)      
     Former smoker 1.19 (1.15, 1.23) *  1.56 (1.46, 1.66) * 1.13 (1.09, 1.15) * 1.31 (1.24, 1.37) * 1.49 (1.43, 1.55) * 
     Current smoker 1.42 (1.38, 1.46) * 1.71 (1.61, 1.82) * 1.29 (1.26, 1.32) * 1.88 (1.80, 1.96) * 1.66 (1.60, 1.73) * 
Alcohol (Reference = Lifetime abstainer)      
     Former drinker 1.29 (1.23,1.35) * 1.82 (1.66, 1.99) * 1.35 (1.30, 1.42) * 1.62 (1.52, 1.73) * 1.88 (1.77, 2.00) * 
     Current drinker 1.09 (1.05,1.13) * 1.34 (1.24, 1.45) * 1.26 (1.22, 1.32) * 1.20 (1.13, 1.27) * 1.42 (1.35, 1.50) * 
Combined activity guidelines d (Reference = Meets Aerobic and Strength Guidelines) d    
        Meets aerobic only 1.05 (1.01, 1.09) * 1.02 (0.99, 1.10) 1.06 (1.03, 1.09) *  1.16 (1.10, 1.23) * 1.09 (1.04, 1.14) * 
        Meets strength only 1.15 (1.06, 1.24) * 1.37 (1.19, 1.59) * 1.17 (1.10, 1.24) * 1.28 (1.15, 1.44) * 1.25 (1.13, 1.38) * 
        Meets neither 1.19 (1.15, 1.23) * 1.32 (1.23, 1.41) * 1.18 (1.14, 1.21) * 1.40 (1.32, 1.47) * 1.31 (1.25, 1.37) * 
Health status (Reference = Very good/ Excellent)     
    Good 1.29 (1.25, 1.32) * 1.57 (1.48, 1.67) * 1.27 (1.24, 1.30) * 1.59 (1.51, 1.66) * 1.53 (1.47, 1.59) * 
    Fair/ Poor 1.71 (1.65, 1.76) * 3.28 (3.10, 3.47) * 1.63 (1.60, 1.67) * 2.95 (2.82, 3.08) * 2.57 (2.48, 2.67) * 
Serious psychological distress (Reference = No) 1.92 (1.85, 2.00) * 3.59 (3.36, 3.83) * 8.18 (7.09, 9.43) * 3.61 (3.47, 3.76) * 2.95 (2.84, 3.06) * 
Any pain (Reference = No) 1.45 (1.42, 1.49) * 2.67 (2.52, 2.82) * 1.66 (1.63, 1.70) * 2.39 (2.29, 2.49) * 2.42 (2.33, 2.51) * 
Duration of sleep a (Reference = Meets NSF recommendations)      
      Does not meet NSF recommendations  1.56 (1.48, 1.64) * 1.91 (1.87, 1.95) * 2.74 (2.63, 2.85) * 2.47 (2.39, 2.56) * 
Abbreviations: PR, Prevalence Ratio; CI, Confidence Interval; BMI, Body Mass Index; FPT, Federal Poverty Threshold; GED, General Education Development high school 
equivalency diploma; NSF, National Sleep Foundation 
 a NSF recommendations include 7-9 hours of sleep per day for adults 18-64 years of age 
 b At least 3 times in the past week 
c 1 or more times in the past week 
 d Based on 2008 Physical Activity Guidelines for Americans  
* significance achieved at p < .05 
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Adjusted Prevalence Ratios. A multivariable modified Poisson regression model was fit 
for each of the five sleep variables. Table 5 displays the adjusted prevalence ratios and 95% CI. 
Compared to the unadjusted prevalence ratios, the adjusted model demonstrated a decrease in the 
strength of associations across all factors. When fitting the adjusted regression models, there 
were no overt differences in gender specific models when controlling for all other factors. For 
this reason, combined gender APRs are presented in the adjusted models. Gender-specific 
models are available in Appendix C. When the adjusted models were stratified by age category, 
there were some factors which demonstrated stronger associations within specific age categories, 
which will be discussed in the following section. However, as all age stratified associations were 
in the same direction as the combined models, the combined models are presented. Models 
stratified by age category are available in Appendix D.  
 
Table 5 
Modified Poisson Regression of Sleep Outcomes among US Adults Aged 18 to 65, National Health Interview Survey 2014-2016 (N= 
69,587) 
Characteristic 
Does not meet NSF 
recommendations a 
APR (95% CI) 
Use of medication for 
sleep c 
APR (95% CI) 
Waking not rested b 
 
APR (95% CI) 
Trouble falling  
asleep b  
APR (95% CI) 
Trouble staying 
asleep b 
APR (95% CI) 
Sex (Reference = Male)      
     Female 1.00 (0.97, 1.09) 1.56 (1.48, 1.65) * 1.19 (1.17, 1.22) * 1.41 (1.35, 1.47) * 1.39 (1.34, 1.44) * 
Age (Reference = 18-24 years)      
     25-44 1.03 (0.98, 1.07) 1.34 (1.18, 1.52) * 0.99 (0.95, 1.03) 0.85 (0.80, 0.91) * 1.17 (1.09, 1.27) * 
     45-65 1.02 (0.96, 1.07) 1.61 (1.42, 1.83) * 0.85 (0.81, 0.89) * 0.72 (0.67, 0.78) * 1.36 (1.25, 1.47) * 
Race (Reference = Non-Hispanic White)      
     Hispanic 1.04 (1.00, 1.09) 0.74 (0.68, 0.82) * 0.96 (0.93, 0.99) * 0.94 (0.89, 0.99) * 0.78 (0.74, 0.82) * 
     Non-Hispanic Black 1.33 (1.28, 1.38) * 0.72 (0.67, 0.78) * 0.91 (0.88, 0.94) * 0.89 (0.84, 0.94) * 0.82 (0.78, 0.86) * 
     Non-Hispanic other 1.12 (1.06, 1.19) * 0.53 (0.45, 0.61) * 0.90 (0.86, 0.94) * 0.71 (0.65, 0.78) * 0.64 (0.58, 0.69) * 
Marital status (Reference = Married)      
     Previously married 1.16 (1.12, 1.20) * 1.02 (0.96, 1.09)  1.02 (1.00, 1.05) 1.10 (1.04, 1.15) * 1.01 (0.97, 1.05) 
     Single/ Never married 1.00 (0.97, 1.04) 1.07 (1.00, 1.15) * 0.99 (0.97, 1.02) 1.07 (1.02, 1.12) * 0.94 (0.90, 0.99) * 
Children in home (Reference = No) 1.14 (1.11, 1.18) * 0.85 (0.80, 0.91) * 1.11 (1.08, 1.13) * 0.93 (0.89, 0.97) * 1.02 (0.98, 1.06) 
Education (Reference = ≥ Some college)      
       High School diploma/ GED 1.00 (0.97, 1.03) 0.90 (0.84, 0.96) * 0.95 (0.93, 0.97) * 1.01 (0.97, 1.06) 0.98 (0.95, 1.02)  
    < High School diploma 0.92 (0.88, 0.97) * 0.88 (0.81, 0.96) * 0.90 (0.87, 0.93) * 0.95 (0.90, 1.01)  0.91 (0.86, 0.96) * 
Employment in last 12 months (Reference = No) 1.10 (1.06, 1.14) * 0.79 (0.74, 0.84) * 1.09 (1.06, 1.12) * 0.85 (0.81, 0.89) * 0.91 (0.87, 0.94) * 
Poverty status (Reference = Not poor [≥ 200% FPT])     
     Poor (< 100% FPT) 1.03 (0.99, 1.07) 1.05 (0.97, 1.14) 1.02 (0.99, 1.05) 1.09 (1.04, 1.15) * 1.04 (0.99, 1.09) 
     Near poor (< 100%≤ FPT< 200%) 1.07 (1.03, 1.11) * 0.94 (0.88, 1.01) 0.99 (0.97, 1.02) 1.10 (1.05, 1.15) * 1.05 (1.00, 1.10) * 
Region (Reference = West)      
     Midwest 1.00 (0.96, 1.04) 0.91 (0.85, 0.99) * 0.96 (0.93, 0.99) * 0.95 (0.90, 1.00) 0.95 (0.91, 1.00) * 
    Northeast 1.00 (1.00, 1.04) 0.85 (0.78, 0.93) * 0.94 (0.91, 0.98) * 0.90 (0.84, 0.96) * 0.90 (0.85, 0.95) * 
    South 1.04 (1.00, 1.08) * 1.03 (0.96, 1.11)  0.93 (0.90, 0.95) * 0.95 (0.90, 1.00) * 0.91 (0.87, 0.95) * 
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Characteristic 
Does not meet NSF 
recommendations a 
APR (95% CI) 
Use of medication for 
sleep c 
APR (95% CI) 
Waking not rested b 
 
APR (95% CI) 
Trouble falling  
asleep b  
APR (95% CI) 
Trouble staying 
asleep b 
APR (95% CI) 
BMI (Reference = Normal [18.5-24.9])      
     Underweight (< 18.5) 1.13 (1.01, 1.25) * 1.09 (0.89, 1.34)  1.07 (0.99, 1.15)  1.04 (0.90, 1.20)  1.07 (0.94, 1.23) 
     Overweight (25.0-29.9) 1.08 (1.05, 1.12) * 1.02 (0.95, 1.09)  1.02 (0.99, 1.05)  1.03 (0.98 1.08)  1.03 (0.99, 1.08) 
     Obesity Class I (30.0-34.9) 1.15 (1.10, 1.20) * 1.01 (0.93, 1.09) 1.04 (1.01, 1.07) * 1.09 (1.03, 1.15) * 1.09 (1.04, 1.14) * 
     Obesity Class II, III (≥ 35.0) 1.18 (1.13, 1.24) * 0.93 (0.86, 1.01) 1.06 (1.02, 1.09) * 1.10 (1.04, 1.17) * 1.09 (1.04 1.15) * 
Smoking Status (Reference = Never smoked)      
     Former smoker 1.11 (1.07, 1.15) * 1.18 (1.10, 1.25) * 1.05 (1.02, 1.07) * 1.11 (1.05, 1.17) * 1.13 (1.08, 1.17) * 
     Current smoker 1.24 (1.19, 1.28) * 1.15 (1.07, 1.23) * 1.01 (0.99, 1.04)  1.25 (1.19, 1.31) * 1.12 (1.08, 1.18) * 
Alcohol (Reference = Lifetime abstainer)      
     Former drinker 1.08 (1.03, 1.14) * 1.13 (1.03, 1.24) * 1.15 (1.11, 1.20) * 1.17 (1.09, 1.25) * 1.22 (1.15, 1.29) * 
     Current drinker 1.03 (0.99, 1.07) 1.20 (1.11, 1.31) * 1.17 (1.13, 1.21) * 1.16 (1.09, 1.23) * 1.24 (1.18, 1.31) * 
Combined activity guidelines d (Reference = Meets aerobic and strength)    
      Meets aerobic only 0.99 (0.95, 1.03) 0.89 (0.82, 0.96) * 1.02 (0.99, 1.05)  1.02 (0.96, 1.08)  0.96 (0.91, 1.01)  
      Meets strength only 1.05 (0.97, 1.13) 1.06 (0.92, 1.21) 1.10 (1.04, 1.16) * 1.03 (0.92, 1.15) 0.99 (0.90, 1.09) 
      Meets neither 1.01 (0.97, 1.05) 0.91 (0.84, 0.98) * 1.07 (1.03, 1.10) * 0.98 (0.92, 1.03) 0.96 (0.92, 1.01) 
Health status (Reference = Very good/ Excellent)   1.02 (0.99, 1.05)  1.02 (0.96, 1.08)  0.96 (0.91, 1.01)  
     Good 1.15 (1.11, 1.18) * 1.30 (1.21, 1.39) * 1.14 (1.11, 1.17) * 1.28 (1.22, 1.34) * 1.21 (1.16, 1.27) * 
     Fair/ Poor 1.32 (1.27, 1.38) * 1.88 (1.73, 2.04) * 1.29 (1.25, 1.33) * 1.63 (1.55, 1.73) * 1.46 (1.39, 1.53) * 
Serious psychological distress (Reference = No) 1.47 (1.41, 1.54) * 1.82 (1.69, 1.96) * 1.32 (1.28, 1.35) * 1.68 (1.60, 1.77) * 1.55 (1.48, 1.62) * 
Any pain (Reference = No) 1.28 (1.25, 1.32) * 1.84 (1.73, 1.96) * 1.43 (1.40, 1.46) * 1.69 (1.62, 1.77) * 1.66 (1.60, 1.73) * 
Duration of sleep a (Reference = Meets NSF recommendations)      
      Does not meet NSF recommendations  1.21 (1.15, 1.27) * 1.73 (1.69, 1.76) * 2.19 (2.10, 2.28) * 2.02 (1.95, 2.09) * 
Abbreviations: APR, Adjusted Prevalence Ratio; CI, Confidence Interval BMI, Body Mass Index; FPT, Federal Poverty Threshold; GED, General Education Development high school 
equivalency diploma; NSF, National Sleep Foundation 
 a NSF recommendations include 7-9 hours of sleep per day for adults 18-64 years of age 
 b At least 3 times in the past week 
c 1 or more times in the past week 
 d Based on 2008 Physical Activity Guidelines for Americans  
* significance achieved at p < .05 
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Association with Sleep Outcomes 
Each observed characteristic demonstrated a weak, but statistically significant, 
association with at least one of the sleep outcomes. When comparing the unadjusted prevalence 
ratios to the adjusted model, the strength of all associations decreased once all factors were 
entered in the model. This decrease was the most pronounced for the health characteristics, even 
though this category still demonstrated the strongest associations with negative sleep outcomes.  
Demographic characteristics. Some demographic characteristics such as gender, age, 
and race, demonstrated associations which differed between sleep duration and sleep quality 
outcomes. Marital status and region or residence had no appreciable association with either sleep 
outcome category. 
Gender. In the adjusted model, there was no association between gender and meeting 
recommended sleep duration. However, when compared to males, females had a higher 
likelihood of trouble falling asleep (APR = 1.41, 95% CI = 1.35, 1.47), trouble staying asleep 
(APR = 1.39, 95% CI = 1.34, 1.44), waking not rested (APR = 1.19, 95% CI = 1.17, 1.22) and 
using medication to sleep (APR = 1.56, 95% CI = 1.48, 1.65).  
Age. When controlling for all other variables, age had no association with meeting 
recommended sleep duration. However, age was associated with sleep quality measures. 
Individuals in the older age category (45 to 65 years old) had a higher likelihood of reporting 
trouble staying asleep (APR = 1.36, 95% CI = 1.25, 1.47), and using medication for sleep (APR 
= 1.61, 95% CI 1.42, 1.83) when compared to those 18 to 24 years old. Conversely, compared to 
individuals in the youngest age category, older adults aged 45 to 65 were less likely to report 
trouble falling asleep (APR = 0.72, 95% CI = 0.67, 0.78), and waking not rested (APR = 0.85, 
95% CI = 0.81, 0.89). 
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 Race. When compared to non-Hispanic Whites, non-Hispanic Blacks were more likely to 
not meet sleep duration recommendations (APR = 1.33, 95% CI = 1.28, 1.38). However, when 
looking at markers of sleep quality, non-Hispanic Blacks were less likely to report having trouble 
falling asleep (APR = 0.89, 95% CI = 0.84, 0.94), trouble staying asleep, (APR = 0.82, 95% CI = 
0.78, 0.86), waking not rested (APR = 0.91, 95% CI = 0.88, 0.94) and using medication to sleep 
(APR = 0.72, 95% CI = 0.67,0.78). Individuals in the Hispanic, and non-Hispanic Other race 
categories followed a similar trend, being slightly more likely not to meet sleep duration 
recommendations, but less likely to experience issues with sleep quality. In the model stratified 
by age category, the increased prevalence of not meeting sleep durations among non-Hispanic 
Black, and non-Hispanic other people was exaggerated in those 18 to 24 years old when 
compared to the other age categories. For example, when compared to non-Hispanic Whites, 
people of other non-Hispanic race were 1.39 (95% CI = 1.18,1.63) times more likely to not meet 
sleep recommendations if they were 18 to 24 years old, compared to an APR of 1.10 (95% CI = 
1.01,1.19; 1.01,1.20) for those aged 25 to 44 years old and 45 to 65 years old. 
 Socioeconomic characteristics. In the adjusted model, socioeconomic determinants 
observed had very little association with sleep outcomes. In particular, level of education, 
children in the home, and poverty status only demonstrated very weak associations. However, in 
the age stratified model it was evident that there were stronger associations between poor sleep 
quality and social stressors (such as being previously married or being poor or near poor) in 
those aged 25 to 44. Within this age category, individuals who were previously married were 
slightly more likely to use medication for sleep and to have trouble falling and staying asleep 
than those aged 18 to 25 and 45 to 65. 
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 Employment. When compared to people who have not worked in the last 12 months, 
people who have been employed at some point during the last year were less likely to report 
issues with sleep quality such as trouble falling asleep (APR = 0.85, 95% CI = 0.81, 0.89) or 
using medication for sleep (APR = 0.79, 95% CI = 0.74, 0.84). However, they were slightly 
more likely to report not meeting recommended sleep duration (APR = 1.10, 95% CI = 1.06, 
1.14).  
 Health characteristics. Even after adjusting for all other variables, negative health 
characteristics had the strongest association with not meeting sleep recommendations, and to a 
greater extent, experiencing poor sleep quality. The strongest association was seen with use of 
medication for sleep, which was demonstrated by fair/poor health status (APR = 1.88, 95% CI = 
1.73, 2.03), screening positive for serious psychological distress (APR = 1.82, 95% CI = 1.69, 
1.96), and reporting any joint pain (APR = 1.84, 95% CI = 1.73, 1.96).  
 Health status. When compared to people who reported their health status as very good or 
excellent, people with fair or poor health status were more likely not to meet recommended sleep 
duration (APR = 1.32, 95% CI = 1.27, 1.38), and were more likely to report troubles with all 
sleep quality measures, with APRs ranging from 1.29 to 1.88.   
 Serious psychological distress. Individuals who screened positive for serious psychologic 
distress were more likely to report negative outcomes for both sleep duration and sleep quality 
variables, when compared to those who screened negative. People experiencing serious 
psychological distress were more likely not to meet sleep duration recommendations (APR = 
1.47, 95% CI = 1.41, 1.54), and were more likely to report trouble with all sleep quality variables 
with APRs of 1.32 to 1.82. When stratifying the model by age category, it was demonstrated that 
the sleep quality of people in the younger age group (18 to 24 years old) had a stronger 
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association with serious psychological distress, with APRs for trouble falling and staying asleep 
of 1.98 (95% CI = 1.69, 2.31) and 2.17 (95% CI = 1.78, 2.63) respectively.  
 Any joint pain. Individuals who screened positive for joint pain demonstrated similar 
associations with poor sleep outcomes as seen in fair/poor health status and serious 
psychological distress. Compared to those who do not have joint pain, joint pain sufferers were 
more likely to not meet sleep duration recommendations (APR = 1.28, 95% CI = 1.25, 1.32), 
were more likely to have trouble in all sleep quality measurements, with APRs ranging from 1.43 
to 1.84.  
 BMI. Of all the health characteristics analyzed, BMI had the weakest association with 
sleep duration and quality. There was a trend of slightly increased likelihood of poor sleep 
quality outcomes with increasing BMI, with the strongest associations being with sleep duration. 
In the age stratified model, there was a stronger association between increasing BMI and the 
prevalence of trouble falling asleep in those aged 18 to 24 than in the other age categories.  
 Health behaviors. Personal health behaviors were found to have less of an association 
with sleep outcomes than the health characteristics discussed above. Meeting the guidelines for 
physical activity had no association with sleep duration and very little association with sleep 
quality. In the age stratified model, it appeared that the sleep quality of those in the youngest two 
age categories (18 to 24 years old and 44 to 65 years old) has a stronger association with 
unhealthy lifestyle choices such as smoking and drinking. Those aged 18 to 24 who were 
smokers, and those aged 24 to 45 who were drinkers, were more likely than the other age 
categories to report use of medication for sleep, trouble falling and staying asleep and waking not 
rested. 
SLEEP HEALTH AND CIVIL AVIATION 42 
 Smoking. The most significant associations in this category included current smokers 
having a higher likelihood of not meeting sleep duration recommendations (APR = 1.24, 95% CI 
= 1.19, 1.28), and having trouble falling asleep (APR = 1.25, 95% CI = 1.19, 1.31) than non-
smokers. 
 Alcohol. Current and previous use of alcohol had a stronger association with sleep quality 
than sleep duration. When compared to lifetime abstainers, current drinkers were more likely to 
report trouble staying asleep (APR = 1.24, 95% CI = 1.18, 1.31) and use of medication for sleep 
(APR = 1.20, 95% CI = 1.11, 1.30). Former drinkers had a similar likelihood of these outcomes 
as current drinkers.  
Discussion 
 The objective of this study was to determine if certain sociodemographics, health 
characteristics or personal behaviors were associated with the prevalence of self-reported poor 
sleep duration and quality in US adults aged 18 to 65. Furthermore, this study aimed to 
determine if this information could be applied to sleep health screening in the civil aviation 
population. As this was a large data set allowing a complete analysis of 69,587 cases, statistical 
significance was achieved for many APRs at a level that may not be clinically relevant. This 
finding points to the fact that sleep is governed by many complex relationships. Sleep duration 
and quality are influenced by health status and health behaviors which are in part shaped by 
demographic, socioeconomic, and cultural characteristics.  
Some interesting associations were noted, such as people of non-Hispanic Black, and 
non-Hispanic other race being more likely not to meet sleep duration recommendations, but less 
likely to report any issue with sleep quality. As well, females were at no higher risk of not 
meeting sleep recommendations but had a higher likelihood of reporting trouble with all sleep 
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quality outcomes. These associations with sleep duration are consistent with previous research 
(Krueger & Friedman, 2009; CDC, 2012), but the differences in associations with sleep quality 
may speak to the fact that sleep duration and sleep quality are related, but different constructs 
within sleep health. As well, this may be attributed to cultural differences in sleep norms and in 
patterns of complaining about sleep. It has been proposed that in some circumstances, such as 
advancing age, that people become accustom to a new normal of disturbed sleep, and 
consequently subjectively complain about sleep less (Strine & Chapman, 2005).  
Some socioeconomic variables including poverty, children in home and employment had 
weaker associations with sleep outcomes than anticipated. This finding may have been due to the 
wide definition of some of these categories. For example, having children in the home was 
defined as living with children under the age of 18. If instead this category was restricted to 
living with young children under the age of three, a stronger association may have been reported. 
Similarly, employment simply classified cases into working or not working at some point during 
the last 12 months. If this category was further divided into a variety of working situations (full 
time, part time, shift work etc.) and reasons for not working (retired, unable to work, etc.) there 
likely would have been a difference in the reported associations. However, while the 
demonstrated associations for martial status and education were also very weak, this was 
consistent with previous studies (Strine & Chapman, 2005). 
Unlike previous work examining sleep outcomes by geographical region, this analysis 
found that people living in the West census region were slightly more likely to report trouble 
with sleep quality outcomes (Grandner, Jackson et al., 2012). However, the outcome measures 
used in this study were asked in a more specific format which may account for the small 
differences seen. 
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Association of poor sleep with unhealthy behaviors, such as smoking, and alcohol use 
were similar as reported by others using NHIS and BRFSS data (Krueger & Friedman, 2009; 
Strine & Chapman, 2005). Higher BMI and lower activity levels has a weak association with 
poorer sleep outcomes, which is consistent with the literature (Krueger & Friedman, 2009; Strine 
& Chapman, 2005). However, as outlined in previous studies, obesity and lack of exercise may 
both contribute to a downward spiral of poor sleep or may be a result of poor sleep (Hargens, 
Kaleth, Edwards, & Butner, 2013). Either way, it is proposed that modifications in these lifestyle 
choices may be one element of increasing sleep health in the general population. 
In line with previous research in this area, negative health characteristics, such as poor 
health status, pain, and serious psychological distress, had the largest association with reporting 
poor sleep quality and reduced sleep duration (Grandner, Jackson et al., 2012; Watson et al., 
2015; Dregan & Armstrong, 2011). It is difficult to say if these negative health characteristics 
lead to poor sleep, or if chronic inadequate sleep leads to the development of these health issues. 
In particular, issues with sleep can exacerbate psychologic symptoms and worsen the course of 
chronic diseases, ultimately leading to poor health status and impairment in multiple domains 
(Strine & Chapman, 2005).  
What do these findings mean for screening in a civil aviation environment? It is evident 
that there is no particular group or single demographic at risk for poor sleep health. However, 
there are some health or life changes that should trigger consideration of sleep screening. If an 
individual is experiencing psychological distress, has joint pain, or for other reasons has a poor 
overall health status, it is likely worthwhile enquiring about sleep. Albeit, in many realms of civil 
aviation, these health changes in themselves may alter someone’s fitness to fly. If anything, the 
lack of strong association of any demographic variables speaks to the fact that sleep health 
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screening should be implemented on a routine basis, perhaps in the form of a mandatory risk 
assessment or questionnaire during the AME medical certification process. It has been suggested 
that chart reminders, coupled with education and support may be one way to increase the 
percentage of PCPs who take sleep histories (Sorscher, 2008). However, in the context of this 
study, a more applicable suggestion would be to use standardized protocols and validated 
screening tools to assess sleep health during medical certification. Nevertheless, this variety of 
routine screening is unlikely to elicit honest responses from aviators unless they understand that 
sleep health is a spectrum, and that not every sleep complaint warrants further investigation or 
grounding. As an integrated part of a FRMS, the health and safety benefits to optimizing sleep 
health through available means must be recognized. As suggested by Sallinen et al. (2018), 
sleep-wake behavior is a modifiable health characteristic which may be responsive to 
personalized interventions using newer technologic resources. However, in order to improve the 
sleep health of civilian pilots, one must first assess the sleep parameters of individual pilots and 
identify their baseline risk. 
To further understand the importance of sleep health in aviation, future research should 
include validation of a sleep health screen for use in US civil aviation to better understand the 
prevalence of fatigue and inadequate sleep in this industry.  
Limitations 
There were several limitations identified within this study. Firstly, survey data are 
subjective and are subject to recall bias. Social desirability, and poor estimation may cause 
overreporting of sleep duration and underreporting of sleep complaints which may underestimate 
the associations. However, an individual’s perception of sleep is highly subjective and does not 
always correlate with objective measures, making self-report an appropriate form of 
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measurement. The five sleep outcomes analyzed were determined using questions that ask about 
sleep habits during the last week. While this short timeframe would help to limit recall bias, the 
previous week may not be an average week for the participant or reflective of their sleep habits 
overall. One week is a short time frame, and short-lived disturbance may be due to a transient or 
acute life situation. Additionally, these questions do not consider differences in weekday, 
weekend, and vacation sleep habits. Unfortunately, no information was available on caffeine use, 
other medication use, or work schedule. While all covariates were chosen through in-depth 
review of the literature, the cross-sectional nature of data does not allow for identification of 
causal relationships. As well, there is a potential for reverse causation as it is impossible to know 
which came first, poor sleep habits or poor health characteristics. Also, individual respondents 
may have a variety of sleep-related disorders which may be opposing in nature (insomnia, 
hypersomnia), and may range from subclinical complaints to medically diagnosed sleep 
disorders. Lastly, this sample from the general US population is more likely to have a higher 
burden of poor health, and a lower burden of occupational sleep stressors than a population of 
civil aviators.  
Conclusion 
 This study confirmed that inadequate sleep duration and quality are highly prevalent in 
the adult US population aged 18 to 65. While this study did not identify any clinically relevant 
sociodemographic groups at risk for overall poor sleep health, the statistically significant 
associations seen for many characteristics did highlight that sleep is governed by many complex 
relationships. In order to have an impact on sleep health, consideration must be given to a 
number of individual characteristics. The first step to improving sleep health within a population, 
such as civil aviation, is identifying people who are experiencing poor sleep. Based on previous 
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literature and results of this study, consideration should be given to routine screening of sleep 
health within civil aviators during the medical certification process. Routine screening would 
shed light on the prevalence of sleep disturbance within this population and would be a step 
towards fighting the battle of fatigue to further the goal of improving safety within aviation. 
  
SLEEP HEALTH AND CIVIL AVIATION 48 
References 
Alijurf, T. M., Olaish, A. H., & BaHammam, A. S. (2018). Assessment of sleepiness, fatigue, 
and depression among Gulf Cooperation Council commerical airline pilots. Sleep and 
Breathing, 22(2), 411-419. doi:10.1007/s11325-017-1565-7 
Behar, J., Roebuck, A., Shahid, M., Dlay, J., Hallack, A., Palmius, N., . . . Cliffors, G. D. (2015). 
SleepAp: An automated Obstructive Sleep Apnoea screening application for 
smartphones. Journal of Biomedical and Health Informatics, 19(1), 325-331. 
doi:10.1109/JBHI.2014.2307913 
Belenky, G., Wesenten, N. J., Thorne, D. R., Thomas, M. L., Sing, H. C., Redmond, D. P., . . . 
Balkin, T. J. (2003). Patterns of performance degradation and restoration during sleep 
restriction and subsequent recovery: A sleep-dose response study. Journal of Sleep 
Research, 12(1), 1-12. doi:10.1046/J.1365-2869.2003.00337.X 
Buysse, D. J. (2014). Sleep Health: Can we define it? Does it matter? Sleep, 37(1), 9-17. 
doi:10.5665/sleep.3298 
Caldwell, J. A., Mallis, M. M., Caldwell, J. L., Paul, M. A., Miller, J. C., & Neri, D. F. (2009). 
Fatigue countermeasures in aviation. Aviation Space and Environmental Medicine, 80(1), 
29-59. doi:10.3357/ASEM.2435.2009 
Centers for Disease Control and Prevention (CDC). (2012). Short sleep duration among workers- 
United States, 2010. Morbidity and Mortality Weekly Report, 61, 16. 
Czeisler, C. A. (2015). Duration, timing, an quality of sleep are each vital for health, 
performance, and safety. Sleep Health, 1(1), 5-8. doi:10.1016/jsleh.2014.12.008 
SLEEP HEALTH AND CIVIL AVIATION 49 
Dregan, A., & Armstrong, D. (2011). Cross-country variation in sleep disturbance among 
working and older age groups: an analysis based on the European Social Survey. 
International Psychogeriatrics, 9, 1413-1420. doi:10.1017/S1041610211000664 
European Cockpit Association. (2012). Barometer on pilot fatigue. 
doi:https://www.eurocockpit.be/sites/default/files/eca_barometer_on_pilot_fatigue_12_1
107_f.pdf 
Fagherazzi, G., El Fatoui, D., Bellicha, A., El Gareh, A., Affret, A., Dow, C., . . . Severi, G. 
(2017). An international study of the determinants of poor sleep amongst 15,000 users of 
connected devices. Journal of Medical Internet Research, 19(10), e363. 
doi:10.2196/jmir.7930 
Federal Aviation Administration (FAA). (2015). Fact Sheet- Sleep Apnea in Aviation. Retrieved 
May 2018, from https://www.faa.gov/news/fact_sheets/news_story.cfm? 
Federal Aviation Administration (FAA). (2018). U.S. Civil Airmen Statistics. 
doi:https://www.faa.gov/data_research/aviation_data_statistics/civil_airmen_statistics/ 
Ford, E. S., Li, C., Wheaton, A. G., Chapman, D. R., Perry, G. S., & Croft, J. B. (2014). Sleep 
duration and body mass index and waist circumference among US adults. Obesity, 22, 
598-607. doi:10.1002/oby.20558 
Ford, E. S., Wheaton, A. G., Cunningham, T. J., Giles, W. H., Chapman, D. R., & Croft, J. B. 
(2014). Trends in outpaitent visits for Insomnia, sleep apnea, and prescriptions for sleep 
medications among US adults: Findings from the National Medical Care Survey 1999-
2010. Sleep, 37(8), 1283. doi:10.5665/sleep.3914 
SLEEP HEALTH AND CIVIL AVIATION 50 
Galinsky, A. M., Ward, B. W., Joestl, S. S., & Dahlhamer, J. M. (2018). Sleep duration, sleep 
quality, and sexual orientation: findings from the 2013-2015 National Health Interview 
Survey. Sleep Health, 4, 56-62. doi:10.1016/j.sleh.2017.10.004 
Gander, P. H., Mulrine, H. M., Van den Berg, M. J., Smith, A. A., Signal, T. L., Wu, L. J., & 
Belenky, G. (2015). Effects of sleep/wake history and circadian phase on proposed pilot 
fatigue safety performance indicators. Journal of Sleep Research, 24(1), 110-119. 
doi:10.1111/jsr.12197 
Garbarino, S., Lanteri, P., Durando, P., Magnavita, N., & Sannita, W. G. (2016). Co-morbidity, 
mortality, quality of life and the health/welfare/social costs of disordered sleep: A rapid 
review. International Journal of Environmental Research and Public Health, 13, 831-
845. doi:10.3390/ijerph13080831 
Glazer Baron, K., Duffecy, J., Berendsen, M. A., Mason, I. C., Lattie, E. G., & Manalo, N. C. 
(2017). Feeling validated yet? A scoping review of the use of consumer-targeted 
wearable and mobile technology to measure and improve sleep. Sleep Medicine Reviews, 
Article in press, 1-9. 
Gottlieb, D. J., Ellenbogen, J. M., Bianchi, M. T., & Czeisler, C. A. (2018). Sleep deficiency and 
motor vehicle crash risk in the general population: A prospective cohort study. BMC 
Medicine, 16(44), 2-10. doi:10.1186/s12916-018-1025-7 
Grandner, M. A., & Malhtra, A. (2015). Sleep as a vital sign: Why medical practioners need to 
routinely ask their patients about sleep. Sleep Health, 1, 11-12. 
doi:10.1016/j.sleh.2014.12.011 
SLEEP HEALTH AND CIVIL AVIATION 51 
Grandner, M. A., Jackson, N. J., Pigeon, W. R., Gooneratne, N. S., & Patel, N. P. (2012). State 
and regional prevalence of sleep disturbance and daytime fatigue. Journal of Clinical 
Sleep Medicine, 8(1), 77-86. doi:10.5664/jcsm.1668 
Grandner, M. A., Martin, J. L., Patel, N. P., Jackson, N. J., Gerhman, P. R., Pien, G., . . . 
Gooneratne, N. S. (2012). Age and sleep disturbances among american men and women: 
Data from the U.S. Behavioral Risk Factor Surveillance System. SLEEP, 35(3). 
doi:10.5665/sleep.1704 
Hargens, T. A., Kaleth, A. S., Edwards, E. S., & Butner, K. L. (2013). Association between sleep 
disorders, obesity, and excercise: a review. Nature and Science of Sleep, 5, 27-35. 
doi:10.2147/NSS.S34838 
Hartzler, B. M. (2014). Fatigue on the flight deck: The consequences of sleep loss and the 
benefits of napping. Accident Anlaysis and Prevention, 62, 309-381. 
doi:10.106/j.aap.2013/10.010 
Hirshkowitz, M., Whiton, K., Albert, S. M., Alessi, C., Bruni, O., DonCarlos, L., . . . Adams 
Hillard, P. J. (2015). National Sleep Foundation's sleep time duration recommendations: 
methodology and results summary. Sleep Health, 1, 40-43. 
doi:10.1016/j.sleh.2014.12.010 
Institute of Medicine. (2006). Sleep Disorders and Sleep Deprivation: An Unmet Public Health 
Problem. (H. R. Colten, & B. M. Altevogt, Eds.) Washington, DC: The National 
Academies Press. 
International Air Transport Association. (2014). Fatigue Safety Performance Indicators (SPIs): A 
key component of proactive fatigue hazard identification. Retrieved from 
SLEEP HEALTH AND CIVIL AVIATION 52 
www.iata.org/whatwedo/ops-infra/Documents/fatigue-spis_a-key-component-of-
proactive-fatigue-hazard-identification.pdf 
International Civil Aviation Organization. (2016). Manual for the Oversight of Fatigue 
Management Approaches. Montreal: ICAO Doc 9966. Retrieved from 
www.icao.int/safety/fatiguemanagement/FRMS%20Tools/9966_cons_en.pdf 
Irish, L. A., Kline, C. E., Gunn, H. E., Buysse, D. J., & Hall, M. H. (2015). The role of sleep 
hygiene in promoting Public Health: A review of empiricial evidence. Sleep Medicine 
Reviews, 22, 23-36. doi:10.1016/j.smrv.2014.10.001 
Jackson, C. A., & Earl, L. (2006). Prevalence of fatigue among commerical pilots. Occupational 
Medicine, 56, 263-268. doi:10.1093/occmed/kq1021 
John, U., Meyer, C., Rumpf, H. J., & Hapke, U. (2005). Relationships of psychiatric disorders 
with sleep duration adult general population sample. Journal of Psychiatric Residency, 
39(6), 577-583. doi:10.1016/j.jpsychires.2005.01.006 
Kang, S.-G., Kang, J. M., Ko, K.-P., Park, S.-C., & Mariani, S. (2017). Validity of a 
commerically wearable sleep tracker in adult insomnia disorder patients and good 
sleepers. Journal of Psychosomatic Research, 97, 38-44. 
doi:10.1016/j.jpsychores.207.03.009 
Kessler, R. C., Barker, P. R., & Colpe, L. J. (2003). Screening for serious mental illness in the 
general population. Archives of General Pyschiatry, 60(2), 184-189. 
doi:10.1001/archpsyc.60.2.184 
Knutson, K. L., Phelan, J., Paskow, M. J., Roach, A., Whiton, K., Langer, G., . . . Hirshkowitz, 
M. (2017). The National Sleep Foundation's Sleep Health Index. Sleep Health, 3, 234-
240. doi:10.1016/j.sleh.2017.05.011 
SLEEP HEALTH AND CIVIL AVIATION 53 
Krueger, P. M., & Friedman, E. M. (2009). Sleep duration in the United States: A cross-sectional 
population-based study. American Journal of Epidemiology, 169(9), 1052-1063. 
doi:10.1093/aje/kwp023 
Leger, D., Enguerrand, d. R., Bayon, V., Guignard, R., Paquereau, J., & Beck, F. (2011). Short 
sleep in young adults: Insomnia or sleep debt? Prevalence and clinical description of 
short sleep in a representatvie sample of 1004 young adults from France. Sleep Medicine, 
12, 454-462. doi:10.106/j.sleep.2010.12.012 
Mukherjee, S., Patel, S. R., Kales, S. N., Ayas, N. T., Strohl, K. P., Gozal, D., & Malhotra, A. 
(2015). An official American Thoracic Society statement: The importance of healthy 
sleep. Recommendations and future priorities. American Journal of Respiratory and 
Critical Care Medicine, 191(12), 1450-1458. doi:10.1164/rccm.201504-0767ST 
National Transportation Safety Board. (2017a). NTSB 2017-2018 Most wanted list of 
transportation safety improvements: Reduce fatigue related accidents. Washington, D.C., 
United States. Retrieved from https://www.ntsb.gov/safety/mwl/Documents/2017-
18/2017MWL-FctSht-Fatigue-A.pdf 
National Transportation Safety Board. (2017b). NTSB 2017-2018 Most wanted list of 
transportation safety improvements: Require medical fitness. Washington, D.C., United 
States. Retrieved from https://www.ntsb.gov/safety/mwl/Documents/2017-
18/2017MWL-FctSht-MedFitness-A.pdf 
Ohayon, M. M., Carskadon, M. A., Guilleminault, C., & Vitiello, M. V. (2004). Meta-Analysis 
of quantitative sleep parameters from childhood to old age in healthy indiviudals: 
Developing normative sleep values across the human lifespan. Sleep, 27(7), 1255-1273. 
SLEEP HEALTH AND CIVIL AVIATION 54 
Ohayon, M., Wickwire, E. W., Hirshkowitz, M., Albert, S. M., Avidan, A., Daly, F. J., . . . 
Vitiello, M. V. (2017). National Sleep Foundation's sleep quality recommendations: First 
report. Sleep Health, 3, 6-19. doi:10.106/j.sleh.2016.11.006 
Qaseem, A., Dallas, P., Owens, D., Starkey, M., Holty, J.-E. C., & Shekelle, P. (2014). Diagnosis 
of obstructive sleep apnea in adults: A clinical practice guideline from the American 
College of Physicians. Anals of Internal Medicine, 161(3), 210-220. doi:10.7326/M12-
3187 
Reis, C., Mestre, C., Canhoa, H., Gradwell, D., & Paiva, T. (2016a). Sleep and fatigue 
differences in the two most common types of commerical flight operations. Aerospace 
Medicine and Human Performance, 87(9), 811-815. 
Reis, C., Mestre, C., Canhao, H., Gradwell, D., & Paiva, T. (2016b). Sleep complaints and 
fatigue of airline pilots. Sleep Science, 9, 73-77. doi:10.1016/j.slsci.2016.05.003 
Ritterband, L. M., Thorndike, F. P., Ingersoll, K. S., Lord, H. R., Gonder-Frederick, L., 
Frederick, C., . . . Morin, C. M. (2017). Effect of a web-based cognitive behavior therapy 
for insomnia intervention with 1-year follow-up. A randomized clinical trial. JAMA 
Psychiatry, 74(1), 68-75. doi:10.1001/jamapsychiatry.2016.3249 
Rudari, L., Sperlak, L. A., Geske, R. C., Jones, G. E., & Johnson, M. J. (2014). The sustainability 
of FAR Part 117: Flight and duty limitation and rest requirments for flight crew 
members. Proceedings of the Human Factors and Ergonomics Society 58th Annual 
Meeting- 2014 (pp. 1969-1973). West Lafayette, IN: Purdue University. 
Sadeh, A. (2011). The role and validity of actigraphy in sleep medicine: An update. Sleep 
Medicine Reviews, 15(4), 259-267. doi:10.1016/j.smrv2010.10.001 
SLEEP HEALTH AND CIVIL AVIATION 55 
Sallinen, M., Akerstedt, T., Harma, M., Henelius, A., Ketola, K., Leinikka, M., . . . Puttonen, S. 
(2018). Recurrent on-duty sleepiness and alertness management strategies in long-haul 
airline pilots. Aerospace Medicine and Human Performance, 89(7), 601-608. 
doi:10.3357/AMHP.5092.2018 
Sateia, M. J. (2014). International Classification of Sleep Disorders - Third Edition, Highlights 
and Modifications. Chest, 146(5), 1387-1400. doi:10.1378/chest.14-0970 
Senthilvel, E., Auckley, D., & Dasarathy, J. (2011). Evaluation of sleep disorders in the primary 
care setting: History taking compared to questionnaires. Journal of Clinical Sleep 
Medicine, 7(1), 41-48. 
Shahly, V., Berglund, P. A., Coulouvrat, C., Fitzgerald, T., Hajak, G., Roth, T., . . . Kessler, R. 
C. (2012). The associations of insomnia with costly workplace accidents and errors. 
Archives of General Psychiatry, 69(10), 1054-1063. 
Sorscher, A. J. (2008). How is your sleep: A neglected topic for health care screening. Journal of 
the American Board of Family Medicine, 21(2), 141-148. 
doi:10.3122/jabfm.2008.02.070167 
Strine, T. W., & Chapman, D. P. (2005). Associations of frequent sleep insufficiency with 
health-related quality of life and health behaviors. Sleep Medicine, 6(1), 23-27. doi:doi: 
10.1016/j.sleep.2004.06.003 
Tamhane, A. R., Westfall, A. O., Burkholder, G. A., & Cutter, G. R. (2016). Prevalence odds 
ratio versus prevalence ratio: Choice comes with consequences. Statistics in Medicine, 
5730-5735. 
SLEEP HEALTH AND CIVIL AVIATION 56 
The Human Factors "Dirty Dozen". (2017). Retrieved from Skybrary: 
https://www.skybrary.aero/index.php/The_Human_Factors_%22Dirty_Dozen%22#Fatig
ue 
Tucker, J. M., Welk, G. J., & Beyler, N. K. (2011). Physical activity in US adults: Compliance 
with the physical activity guidelines for Americans. American Journal of Preventative 
Medicine, 40(4), 454-461. doi:10.1016/j.amepre.2010.12.016 
U.S. Department of Health and Human Services. (2010). Healthy People 2020. Sleep Health. 
Washington, DC. Retrieved from https://www.healthypeople.gov/2020/topics-
objectives/topic/sleep-health/objectives 
US Preventative Services Task Force. (2017). Screening for obstructive sleep apnea in adults: 
US Preventative Services Task Force recommendation statement. Journal of the 
American Medical Association, 317(4), 407-414. doi:10.1001/jama.2016.20325 
Watson, N. F., Badr, S., Belenky, G., Bliwise, D. L., Buxton, O. M., Buysse, D. D., & 
Gangwisch, J. (2015). Joint consensus statement of the American Academy of Sleep 
Medicine and Sleep Research Society on the recommended amount of sleep for a healthy 
adult: Methodology and discussion. Journal of Clinical Sleep Medicine, 11(8), 931-952. 
doi:10.5664/jcsm.4950 
Wittman, M., Dinich, J., Merrow, M., & Roennebrg, T. (2006). Social jetlag: Misalignment of 
biological and social time. Chronobiology International, 23(2), 497-509. 
doi:10.1080/07420520500545979 
 
  
SLEEP HEALTH AND CIVIL AVIATION 57 
Appendix A: Human Subjects Regulations Decision Chart 
 
  
SLEEP HEALTH AND CIVIL AVIATION 58 
Appendix B: Variable Recode List 
Variable Original Values Recode Values Original Variable Label 
Age 18-24 
25-44 
45-65 
> 65 
1 18-24 
2 25-44 
3 45-65 
4 >65 
AGE_P 
BMI 0-17 
18-24 
25-39 
30-34 
>35 
2 Underweight (<18.5) 
1 Normal (18.5-24.9) 
3 Overweight (25-29.9) 
4 Obese (30-34.9) 
5 >35 
BMI 
Gender Male 
Female 
1 
2 
SEX 
Smoking status 4 
3 
1-2,5 
1 Never smoker 
2 Former smoker 
3 Current smoker 
SMKSTAT2 
Alcohol status 1 
2-4 
5-9 
1 Lifetime abstainer 
2 Former drinker 
3 Current drinker 
ALCSTAT 
Marital status 3 
1,2,5 
4 
1 Married 
3 Previously married 
4 Single/ Never Married 
CDCMSTAT 
Poverty status 1-5 
6-10 
11 
1 <100% FPT 
2 ≥ 100% < 200% 
3 ≥200% 
RAT_CAT4 
Children under 18 1-2 
3-4 
0 No children 
1 Children under 18 
FM_TYPE 
Education category 15-21 
13-14 
0-12 
1 At least some college 
2 Highschool diploma/GED 
3 <High school 
EDU1 
Race 1 
2 
3 
4-5 
2 Hispanic 
1 Non-Hispanic White 
3 Non-Hispanic Black 
4 Non-Hispanic other 
HISCODI3 
Health status 
3 Category 
1-2 
3 
4-5 
1 Excellent/very good 
2 Good 
3 Fair/Poor 
PHSTAT 
Serious psych 
distress 
< 13 score 
≥13 score 
0 No SPD 
1 SPD 
ASISAD, ASINERV 
ASIRSTLS, ASIHOPLS 
ASIEFFRT, ASIWTHLS 
Work last 12 months 0-1 
2-3 
0 Yes 
1 No 
WRKLYR4 
Combined activity 
guidelines 
Compute variable 1 Meets both 
2 Aerobic only 
3 Strength only 
4 Neither 
AEROBIC 
STRENGTH N_MODFREQW 
N_VIGFREQW N_MODMIN  
N_VIGMIN 
Any pain Compute variable 0 No 
1 Yes 
JNTSYMP 
PAINECK 
PAINLB 
Sleep duration  
Met guideline  
7-9 hrs 
0-6, >9 hrs 
0 Yes 
1 No 
ASISLEEP 
Sleep medication 0 days/wk. 
>0 days/wk. 
0 No 
1 Yes 
ACISLPMD 
Trouble falling 
asleep 
0-2 
3-7 
0 No trouble 
1 Trouble ≥3x/wk 
ASISLPFL 
Trouble staying 
asleep 
0-2 
3-7 
0 No trouble 
1 Trouble ≥3x/wk 
ASISLPST 
Days waking rested 5-7 
0-4 
0 Restful sleep  
1 Non-rested sleep ≥3x/wk 
ASIREST 
 
Appendix C: Gender Stratified Models 
Table 6a 
Modified Poisson Regression of Sleep Outcomes on Sociodemographic and Health Characteristics among US Men and Women Aged 
18-65, National Health Interview Survey 2014-2016 (N = 69,587) 
 Trouble falling asleep 
b Trouble staying asleep b Waking not rested b 
Characteristic 
Men  
APR (95% CI) 
n = 32,549 
Women 
APR (95% CI) 
n = 37,038 
Men  
APR (95% CI) 
n = 32,549 
Women  
APR (95% CI) 
n = 37,038 
Men  
APR (95% CI) 
n = 32,549 
Women  
APR (95% CI) 
n = 37,038 
Age (Ref = 18-24 years)       
     25-44 0.85 (0.76, 0.95)* 0.84 (0.77, 0.92)* 1.26 (1.09, 1.44)* 1.13 (1.03, 1.24)* 1.01 (0.95, 1.08) 0.97 (0.92, 1.01) 
     45-65 0.69 (0.61, 0.78)* 0.75 (0.68, 0.82)* 1.59 (1.39, 1.83)* 1.22 (1.11, 1.35)* 0.895 (0.84, 0.96)* 0.81 (0.77, 0.86)* 
Race (Ref = Non-Hispanic White)       
     Hispanic 0.93 (0.85, 1.02) 0.94 (0.873, 1.01) 0.77 (0.70, 0.85)* 0.78 (0.73, 0.84)* 0.98 (0.93, 1.03) 0.95 (0.91, 0.98)* 
     Non-Hispanic Black 0.88 (0.80, 0.97)* 0.89 (0.832, 0.95)* 0.83 (0.76, 0.91)* 0.80 (0.76, 0.86)* 0.91 (0.862, 0.96)* 0.916 (0.88, 0.95)* 
     Non-Hispanic other 0.76 (0.66, 0.88)* 0.68 (0.601, 0.76)* 0.61 (0.53, 0.69)* 0.66 (0.59, 0.73)* 0.92 (0.853, 0.98)* 0.891 (0.84, 0.94)* 
Marital status (Ref = Married)       
     Previously married 1.18 (1.09, 1.28)* 1.01 (0.95, 1.07) 1.01 (0.95, 1.08) 1.02 (0.97, 1.07) 0.99 (0.94, 1.03) 1.00 (0.96, 1.03) 
     Single/ Never married 1.22 (1.12, 1.33)* 1.01 (0.95, 1.08) 0.97 (0.90, 1.05) 0.92 (0.87, 0.98)* 1.06 (1.01, 1.11)* 1.00 (0.96, 1.03) 
Children in home (Ref = No) 0.98 (0.90, 1.06) 0.93 (0.88, 0.98)* 1.04 (0.97, 1.12) 1.00 (0.96, 1.05) 1.10 (1.06, 1.15)* 1.11 (1.08, 1.14)* 
Education (Ref = At least some college)      
       High School diploma/ GED 0.98 (0.91, 1.05) 1.04 (0.98, 1.10) 0.98 (0.92, 1.05) 0.96 (0.90, 1.03)* 0.93 (0.89, 0.96)* 0.97 (0.94, 1.00) 
    < High School diploma 0.88 (0.80, 0.97)* 1.00 (0.93, 1.08) 0.86 (0.79, 0.94)* 0.99 (0.94, 1.03)* 0.86 (0.81, 0.91)* 0.94 (0.90, 0.98)* 
Work in last 12 months (Ref = No) 0.734 (0.678, 0.796)* 0.93 (0.88, 0.98)* 0.81 (0.75, 0.87)* 0.97 (0.93, 1.02) 1.08 (1.03, 1.13)* 1.11 (1.07, 1.14)* 
Poverty status (Ref = Not poor [≥ 200% FPT])      
     Poor (< 100% FPT) 1.11 (1.01, 1.21)* 1.09 (1.02, 1.17)* 1.06 (0.97, 1.15) 1.03 (0.97, 1.09) 1.03 (0.98, 1.09) 1.01 (0.97, 1.05) 
     Near poor (< 100% ≤ FPT< 200%) 1.14 (1.06, 1.24)* 1.06 (1.00, 1.13) 1.07 (1.00, 1.16) 1.02 (0.97, 1.08) 0.96 (0.92, 1.00) 1.02 (0.98, 1.05) 
Region (Ref = West)       
     Midwest 0.93 (0.85, 1.02)* 0.96 (0.90, 1.03) 0.90 (0.830, 0.97)* 1.00 (0.94, 1.06) 0.93 (0.89, 0.97)* 0.98 (0.94, 1.02) 
    Northeast 0.88 (0.79, 0.97)* 0.92 (0.85, 0.99)* 0.88 (0.80, 0.96)* 0.92 (0.86, 0.98)* 0.92 (0.88, 0.97)* 0.96 (0.92, 1.00)* 
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 Trouble falling asleep b Trouble staying asleep b Waking not rested b 
 
Characteristic 
Men APR (95% CI) Women APR 
(95% CI) 
Men APR (95% 
CI) 
Women APR 
(95% CI) 
Men APR (95% 
CI) 
Women APR 
(95% CI) 
BMI (Ref = Normal weight (18.5 – 24.9)      
     Underweight (< 18.5) 1.10 (0.83, 1.45) 1.02 (0.87, 1.21) 1.29 (0.97, 1.70) 1.00 (0.86, 1.17) 1.15 (0.97, 1.37) 1.04 (0.95, 1.13) 
     Overweight (25-29.9) 0.99 (0.91, 1.07) 1.08 (1.01, 1.15)* 1.02 (0.95, 1.09) 1.06 (1.01, 1.12) 1.02 (0.98, 1.07) 1.02 (0.99, 1.06) 
     Obesity Class I (30-34.9) 1.05 (0.96, 2.26) 1.14 (1.06, 1.22)* 1.06 (0.98, 1.15) 1.13 (1.07, 1.20)* 1.03 (0.98, 1.08) 1.05 (1.01, 1.09)* 
     Obesity Class II,III (≥ 35.0) 1.04 (0.94, 1.16) 1.17 (1.10, 1.25)* 1.08 (0.99, 1.18) 1.13 (1.07, 1.20)* 1.06 (1.00, 1.12) 1.07 (1.03, 1.11)* 
Smoking status (Ref = Never smoked)      
     Former smoker 1.18 (1.09, 1.28)* 1.06 (1.00, 1.13) 1.15 (1.08, 1.23)* 1.12 (1.06, 1.18)* 1.02 (0.98, 1.06) 1.01 (0.97, 1.04) 
     Current smoker 1.32 (1.22, 1.43)* 1.20 (1.13, 1.27)* 1.21 (1.12, 1.31)* 1.07 (1.01, 1.12)* 1.06 (1.01, 1.10)* 1.03 (1.00, 1.07) 
Alcohol (Ref= Lifetime abstainer)       
     Former drinker 1.26 (1.11, 1.44)* 1.13 (1.04, 1.22)* 1.17 (1.04, 1.31)* 1.24 (1.15, 1.33)* 1.07 (1.00, 1.15)* 1.20 (1.15, 1.26)* 
     Current drinker 1.24 (1.10, 1.39)* 1.13 (1.06, 1.21)* 1.24 (1.12, 1.38)* 1.23 (1.16, 1.31)* 1.13 (1.07, 1.20)* 1.19 (1.14, 1.24)* 
Combined activity guidelines c (Ref = Meets aerobic and strength)     
      Meets aerobic only 1.00 (0.91, 1.10) 1.03 (0.96, 1.11) 0.90 (0.83, 0.97)* 0.98 (0.92, 1.04) 1.04 (0.99, 1.09) 1.00 (0.96, 1.04) 
      Meets strength only 1.07 (0.91, 1.26) 1.00 (0.87, 1.15) 0.92 (0.78, 1.08) 1.04 (0.92, 1.17) 1.05 (0.96, 1.15) 1.15 (1.07, 1.23)* 
      Meets neither 0.99 (0.91, 1.09) 0.96 (0.90, 1.03) 0.96 (0.89, 1.04) 0.98 (0.92, 1.04) 1.08 (1.04, 1.13)* 1.04 (1.01, 1.08)* 
Health status (Ref = Very good/ Excellent)      
    Good 1.27 (1.17, 1.37)* 1.27 (1.20, 1.35)* 1.24 (1.15, 1.33)* 1.19 (1.13, 1.25)* 1.14 (1.10, 1.19)* 1.14 (1.10, 1.17)* 
    Fair/ Poor 1.67 (1.52, 1.84)* 1.59 (1.48, 1.70)* 1.51 (1.39, 1.64)* 1.40 (1.32, 1.49)* 1.33 (1.27, 1.40)* 1.25 (1.20, 1.30)* 
Serious psychological distress (Ref = No) 1.83 (1.68, 1.99)* 1.61 (1.52, 1.71)* 1.63 (1.50, 1.76)* 1.53 (1.45, 1.61)* 1.41 (1.34, 1.48)* 1.264 (1.22, 1.31)* 
Any pain (Ref = No) 1.74 (1.62, 1.88)* 1.66 (1.56, 1.76)* 1.81 (1.69, 1.93)* 1.56 (1.49, 1.64)* 1.51 (1.46, 1.57)* 1.37 (1.33, 1.41)* 
Duration of sleep a (Ref = Meets guidelines)        
    Does not meet NSF recommendations 2.30 (2.15, 2.46)* 2.13 (2.02, 2.24)* 2.10 (1.98, 2.23)* 1.97 (1.89, 2.06)* 1.81 (1.75, 1.87)* 1.66 (1.62 1.70)* 
Abbreviations: APR, Adjusted Prevalence Ratio; CI, Confidence Interval; BMI, Body Mass Index; FPT, Federal Poverty Threshold; GED, General Education Development high 
school equivalency diploma; NSF, National Sleep Foundation; Ref, Reference 
 a NSF recommendations are 7-9 hours of sleep per day for adults 18-64 years of age 
 b At least 3 times in the past week 
 c Based on 2008 Physical Activity Guidelines for Americans 
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Table 6b  
Modified Poisson Regression of Sleep Outcomes on Sociodemographic and health characteristics among US Men and Women aged 
18-65, National Health Interview Survey 2014-2016 (N = 69,587) 
 Does not meets NSF recommendations 
a Use of medication for sleep c 
Characteristic 
Men APR (95% CI) 
n = 32,549 
Women APR (95% CI) 
n = 37,038 
Men APR (95% CI) 
n = 32,549 
Women APR (95% CI) 
n = 37,038 
Age (Ref = 18-24)     
     25-44 1.01 (0.93, 1.09) 1.04 (0.97, 1.12) 1.37 (1.13, 1.67)* 1.32 (1.12, 1.56)* 
     45-65 0.99 (0.91, 1.08) 1.04 (0.96, 1.12) 1.69 (1.38, 2.08)* 1.559 (1.32, 1.84)* 
Race (Ref = Non-Hispanic White)     
     Hispanic 1.04 (0.98, 1.11) 1.04 (0.99, 1.10) 0.68 (0.59, 0.79)* 0.79 (0.71, 0.88)* 
     Non-Hispanic Black 1.36 (1.29, 1.44)* 1.29 (1.23, 1.36)* 0.65 (0.56, 0.75)* 0.78 (0.70, 0.86)* 
     Non-Hispanic other 1.11 (1.02, 1.20)* 1.13 (1.05, 1.22)* 0.59 (0.47, 0.75)* 0.49 (0.41, 0.58)* 
Marital status (Ref = Married)     
     Previously married 1.16 (1.10, 1.22)* 1.15 (1.10, 1.20)* 1.06 (0.95, 1.18) 1.01 (0.93, 1.09) 
     Single/ Never married 0.97 (0.92, 1.03) 1.02 (0.97, 1.07) 1.18 (1.05, 1.32)* 1.04 (0.92, 1.10) 
Children in home (Ref = No) 1.08 (1.03, 1.14)* 1.19 (1.14, 1.24)* 0.91 (0.81, 1.02) 0.83 (0.77, 0.90)* 
Education (Ref = At least some college)     
       High School diploma/ GED 0.99 (0.94, 1.03) 1.01 (0.95, 1.06) 0.87 (0.78, 0.96)* 0.92 (0.85, 1.00)* 
    < High School diploma 0.91 (0.86, 0.98) * 0.94 (0.88, 0.99)* 0.85 (0.73, 0.98)* 0.92 (0.83, 1.03) 
Work in last 12 months (Ref = No) 1.12 (1.06, 1.18)* 1.09 (1.04, 1.14)* 0.72 (0.65, 0.81)* 0.83 (0.77, 0.89)* 
Poverty status (Ref= Not poor (≥200% FPT)    
     Poor (<100% FPT) 0.98 (0.93, 1.04) 1.06 (1.01, 1.12)* 1.14 (1.00, 1.30) 1.00 (0.91, 1.11) 
     Near poor (<100%≤FPT<200%) 1.04 (0.99, 1.10) 1.09 (1.04, 1.15)* 1.01 (0.90, 1.14) 0.90 (0.82, 0.98)* 
Region (Ref = West)     
     Midwest 0.99 (0.94, 1.05) 1.00 (0.95, 1.06) 0.92 (0.81, 1.04) 0.91 (0.83, 1.00)* 
    Northeast 0.97 (0.91, 1.03) 1.03 (0.97, 1.10) 0.81 (0.70, 0.94)* 0.87 (0.79, 0.97)* 
    South 1.00 (0.95, 1.05) 1.08 (1.03, 1.13)* 1.06 (0.95, 1.19) 1.01 (0.93, 1.10) 
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 Does not meets NSF recommendations a Use of medication for sleep c 
Characteristic Men APR (95% CI) Women APR (95% CI) Men APR (95% CI) Women APR (95% CI) 
BMI (Ref = Normal weight [18.5-24.9])     
     Underweight (< 18.5) 1.10 (0.91, 1.34) 1.14 (1.01, 1.29)* 1.20 (0.79, 1.81) 1.05 (0.83, 1.33) 
     Overweight (25-29.9) 1.06 (1.01, 1.10)* 1.10 (1.05, 1.15)* 1.03 (0.93, 1.16) 1.02 (0.94, 1.11) 
     Obesity Class I (30-34.9) 1.14 (1.07, 1.20)* 1.14 (1.08, 1.21)* 1.03 (0.91, 1.18) 1.01 (0.92, 1.11) 
     Obesity Class II,III (≥ 35.0) 1.16 (1.08, 1.24)* 1.19 (1.13, 1.26)* 0.93 (0.80, 1.11) 0.95 (0.87, 1.05) 
Smoking status (Ref = Never smoked)     
     Former smoker 1.16 (1.10, 1.22)* 1.05 (1.00, 1.11) 1.19 (1.07, 1.32)* 1.17 (1.08, 1.27)* 
     Current smoker 1.22 (1.16, 1.29)* 1.25 (1.19, 1.31)* 1.12 (1.00, 1.26) 1.17 (1.08, 1.28)* 
Alcohol (Ref = Lifetime abstainer)     
     Former drinker 1.08 (1.00, 1.17) 1.10 (1.03, 1.17)* 1.00 (0.84, 1.19) 1.16 (1.03, 1.30)* 
     Current drinker 1.06 (1.00, 1.13) 1.02 (0.96, 1.07) 0.95 (0.82, 1.10) 1.35 (1.22, 1.49)* 
Combined activity guidelines d (Ref = Meets aerobic and strength)   
     Meets aerobic only 1.01 (0.96, 1.07) 0.97 (0.91, 1.02) 0.83 (0.73, 0.94) 0.93 (0.85, 1.02) 
     Meets strength only 1.00 (0.90, 1.12) 1.10 (0.98, 1.22) 0.99 (0.79, 1.25) 1.12 (0.95, 1.32) 
     Meets neither 1.00 (0.95, 1.06) 1.01 (0.96, 1.07) 0.86 (0.77, 0.97)* 0.94 (0.85, 1.03) 
Health status (Ref = Very good/ Excellent)    
    Good 1.16 (1.10, 1.21)* 1.14 (1.09, 1.19)* 1.25 (1.12, 1.40)* 1.33 (1.21, 1.45)* 
    Fair/ Poor 1.33 (1.24,1.41)* 1.32 (1.25, 1.40)* 1.77 (1.55, 2.02)* 1.94 (1.75, 2.15)* 
Serious psychological distress (Ref = No) 1.52 (1.41, 1.63)* 1.44 (1.36, 1.52)* 2.01 (1.76, 2.29)* 1.73 (1.58, 1.89)* 
Any pain (Ref = No) 1.27 (1.22, 1.32)* 1.30 (1.25, 1.35)* 1.98 (1.78, 2.20)* 1.77 (1.63, 1.91)* 
Duration of sleep a (Ref = Meets guidelines)    
    Does not meet NSF recommendations 1.00 (0.93, 1.09) 1.04 (0.97, 1.12) 1.25 (1.14, 1.36)* 1.19 (1.12, 1.27)* 
Abbreviations: APR, Adjusted Prevalence Ratio; CI, Confidence Interval; BMI, Body Mass Index; FPT, Federal Poverty Threshold; GED, General Education Development high 
school equivalency diploma; NSF, National Sleep Foundation; Ref, Reference 
 a NSF recommendations include 7-9 hours of sleep per day for adults 18-64 years of age 
c 1 or more times in the past week 
 d Based on 2008 Physical Activity Guidelines for Americans  
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Appendix D: Age Stratified Models 
Table 7a   
Modified Poisson Regression of Sleep Outcomes on Sociodemographic and Health Characteristics among US Adults Aged 18-65, 
National Health Interview Survey 2014-2016 Stratified by Age Category (N = 69,587)  
 Trouble falling asleep 
b Trouble staying asleep b 
Characteristic 
Age 18-24  
APR (95% CI) 
n = 8,269 
Age 25-44 
APR (95% CI) 
n = 29,763 
Age 44-65 
APR (95% CI) 
n = 31,555 
Age 18-24  
APR (95% CI) 
n = 8,269 
Age 25-44 
APR (95% CI) 
n = 29,763 
Age 45-65 
APR (95% CI) 
n = 31,555 
Sex (Ref = Male)       
     Female 1.39 (1.22, 1.57)* 1.38 (1.30, 1.47)* 1.44 (1.36, 1.52)* 1.68 (1.44, 1.96)* 1.52 (1.43, 1.61)* 1.26 (1.21, 1.32)* 
Race (Ref = Non-Hispanic White)      
     Hispanic 0.94 (0.81, 1.10) 0.91 (0.83, 0.98)* 0.98 (0.89, 1.07) 0.91 (0.75, 1.10) 0.80 (0.73, 0.86)* 0.75 (0.69, 0.81)* 
     Non-Hispanic Black 0.95 (0.81, 1.12) 0.92 (0.85, 1.00) 0.84 (0.78, 0.91)* 0.97 (0.79, 1.18) 0.85 (0.78, 0.93)* 0.76 (0.72, 0.81)* 
     Non-Hispanic other 0.77 (0.60, 0.99)* 0.69 (0.60, 0.79)* 0.73 (0.63 0.83)* 0.86 (0.65, 1.13) 0.65 (0.57, 0.74)* 0.60 (0.53, 0.67)* 
Marital Status (Ref = Married)      
     Previously married 0.69 (0.48, 1.00) 1.11 (1.02, 1.20)* 1.04 (0.98, 1.11) 0.61 (0.40, 0.94)* 1.09 (1.01, 1.17)* 1.01 (0.97, 1.06) 
     Single/ Never married 0.97 (0.82, 1.16) 1.11 (1.03, 1.19)* 1.03 (0.95, 1.11) 0.76 (0.63, 0.91)* 0.95 (0.89, 1.02) 0.97 (0.91, 1.04) 
Children in home (Ref = No)         1.01 (0.87, 1.15) 0.87 (0.82, 0.94)* 0.96 (0.90, 1.03) 1.08 (0.92, 1.27) 0.99 (0.93, 1.06) 1.00 (0.95, 1.05) 
Education (Ref = ≥ Some college)      
      High School diploma/ GED 1.06 (0.92, 1.21) 1.00 (0.93, 1.07) 1.00 (0.94, 1.06) 1.14 (0.96, 1.35) 0.96 (0.90, 1.03) 0.97 (0.92, 1.02) 
    < High School diploma 1.09 (0.91, 1.30) 0.87 (0.78, 0.96)* 0.96 (0.88, 1.04) 1.21 (0.98, 1.49) 0.79 (0.72, 0.87)* 0.94 (0.88, 1.01) 
Employment in last 12 months (Ref = No) 0.96 (0.83, 1.11)                                                        0.83 (0.77, 0.90)* 0.82 (0.77, 0.88)* 1.00 (0.85, 1.18) 0.86 (0.80, 0.92)* 0.91 (0.87, 0.95)* 
Poverty status (Ref = Not poor [≥ 200% FPT])      
     Poor (< 100% FPT) 0.99 (0.86, 1.15) 1.18 (1.08, 1.28)* 1.09 (1.01, 1.17)* 1.01 (0.86, 1.18) 1.11 (1.03, 1.19)* 1.05 (0.99, 1.12) 
     Near poor (< 100%≤ FPT< 200%) 0.98 (0.87, 1.11) 1.16 (1.08, 1.25)* 1.11 (1.03, 1.20)* 1.09 (0.91, 1.29) 1.17 (1.09, 1.26)* 1.00 (0.94, 1.06) 
Region (Ref = West)       
     Midwest 0.91 (0.78, 1.06) 0.94 (0.87, 1.03) 0.97 (0.90, 1.05) 1.07 (0.88, 1.29) 0.92 (0.85, 0.99)* 0.96 (0.91, 1.02) 
    Northeast 0.72 (0.59, 0.88) 0.85 (0.77, 0.94)* 1.01 (0.93, 1.10) 0.70 (0.54, 0.90)* 0.90 (0.82, 0.98)* 0.93 (0.87, 0.99)* 
    South 0.82 (0.71, 0.95) 0.97 (0.90, 1.04) 0.98 (0.91, 1.05) 0.92 (0.77, 1.20) 0.88 (0.82, 0.94)* 0.94 (0.89, 0.99)* 
  
SLEEP H
EA
LTH
 A
N
D
 C
IV
IL A
V
IA
TIO
N
 
63 
 
 
 Trouble falling asleep 
b Trouble staying asleep b 
Characteristic 
Age 18-24  
APR (95% CI) 
Age 25-44 
APR (95% CI) 
Age 44-65 
APR (95% CI) 
Age 18-24  
APR (95% CI) 
Age 25-44 
APR (95% CI) 
Age 45-65 
APR (95% CI) 
BMI (Ref = Normal [18.5-24.9])      
     Underweight (< 18.5) 1.05 (0.77, 1.44)  1.17 (0.96, 1.42) 0.99 (0.82, 1.21) 1.38 (1.00, 1.90) 1.02 (0.83, 1.27) 0.95 (0.79, 1.13) 
     Overweight (25-29.9) 1.17 (1.01, 1.35)* 0.96 (0.90, 1.04) 1.03 (0.96, 1.11) 1.00 (0.84, 1.18) 1.03 (0.96, 1.11) 1.02 (0.96, 1.07) 
     Obesity Class I (30-34.9) 1.32 (1.11, 1.58)* 1.03 (0.95, 1.13) 1.05 (0.97, 1.14) 1.07 (0.87, 1.33) 1.12 (1.03, 1.21)* 1.04 (0.98, 1.11) 
     Obesity Class II,III (≥ 35.0) 1.45 (1.20, 1.75)* 1.07 (0.99, 1.17) 1.02 (0.94, 1.11) 1.15 (0.89, 1.48) 1.09 (1.01, 1.19)* 1.06 (0.99, 1.12) 
Smoking status (Ref = Never smoked)      
     Former smoker 1.15 (0.92, 1.44) 1.18 (1.09, 1.28)* 1.04 (0.98, 1.12) 1.56 (1.25, 1.96)* 1.12 (1.04, 1.20)* 1.10 (1.05, 1.15)* 
     Current smoker 1.32 (1.14, 1.53)* 1.32 (1.23, 1.41)* 1.14 (1.07, 1.22)* 1.32 (1.10, 1.58)* 1.17 (1.09, 1.26)* 1.06 (1.00, 1.12) 
Alcohol (Ref = Lifetime abstainer)      
     Former drinker 0.87 (0.66, 1.15) 1.33 (1.18, 1.49)* 1.08 (0.99, 1.17) 1.06 (0.77, 1.45) 1.38 (1.24, 1.54)* 1.13 (1.06, 1.22)* 
     Current drinker 1.26 (1.08, 1.47)* 1.28 (1.16, 1.41)* 1.05 (0.97, 1.13) 1.34 (1.11, 1.60) 1.26 (1.15, 1.38)* 1.19 (1.11, 1.26)* 
Combined activity guidelines c (Ref = Meets aerobic and strength)    
      Meets aerobic only 0.99 (0.85, 1.15) 1.05 (0.97, 1.13)* 1.01 (0.92, 1.11) 1.05 (0.88, 1.26) 0.94 (0.87, 1.01) 0.94 (0.88, 1.00) 
      Meets strength only 1.33 (0.99, 1.80) 1.01 (0.85, 1.21) 0.98 (0.84, 1.14) 1.18 (0.74, 1.89) 1.04 (0.89, 1.23) 0.93 (0.83, 1.04) 
      Meets neither 0.92 (0.78, 1.07) 0.95 (0.88, 1.03) 1.03 (0.95, 1.13) 0.97 (0.80, 1.16) 0.93 (0.86, 1.00) 0.96 (0.90, 1.03) 
Health status (Ref = Very good/ Excellent)      
    Good 1.22 (1.07, 1.39)* 1.27 (1.18, 1.36)* 1.30 (1.21, 1.40)* 1.17 (0.99, 1.38) 1.26 (1.18, 1.35)* 1.18 (1.12, 1.25)* 
    Fair/ Poor 1.47 (1.24, 2.74)* 1.54 (1.41, 1.68)* 1.70 (1.57, 1.85)* 1.44 (1.14, 1.83)* 1.46 (1.34, 1.58)* 1.48 (1.39, 1.57)* 
Serious psychological distress (Ref = No) 1.98 (1.69, 2.31)* 1.67 (1.54, 1.82)* 1.59 (1.49, 1.70)* 2.17 (1.78, 2.63)* 1.62 (1.50, 1.76)* 1.42 (1.35, 1.50)* 
Any pain (Ref = No) 1.61 (1.43, 1.83)* 1.67 (1.56, 1.79)* 1.73 (1.61, 1.86)* 1.77 (1.52, 2.07)* 1.60 (1.50, 1.70)* 1.68 (1.59, 1.77)* 
Duration of sleep a (Ref = Meets NSF recommendations)     
     Does not meet NSF recommendations 1.80 (1.60, 2.03)* 2.30 (2.16, 2.46)* 2.24 (2.11, 2.38)* 1.75 (1.51, 2.01)* 2.18 (2.05, 2.31)* 2.00 (1.87, 2.05)* 
Abbreviations: APR, Adjusted Prevalence Ratio; CI, Confidence Interval; BMI, Body Mass Index; FPT, Federal Poverty Threshold; GED, General Education Development high 
school equivalency diploma; NSF, National Sleep Foundation; Ref, Reference 
 a NSF recommendations include 7-9 hours of sleep per day for adults 18-64 years of age 
 b At least 3 times in the past week 
 c Based on 2008 Physical Activity Guidelines for Americans  
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Appendix D: Age Stratified Models (Cont’d) 
Table 7b   
Modified Poisson Regression of Sleep Outcomes on Sociodemographic and Health Characteristics among US Men and Women Aged 
18-65, National Health Interview Survey 2014-2016 (N = 69,587) Stratified by Age Category 
 Waking not rested 
b Use of medication for sleep c 
Characteristic 
Age 18-24  
APR (95% CI) 
n = 8,269 
Age 25-44 
APR (95% CI) 
n = 29,763 
Age 44-65 
APR (95% CI) 
n = 31,555 
Age 18-24  
APR (95% CI) 
n = 8,269 
Age 25-44 
APR (95% CI) 
n = 29,763 
Age 45-65 
APR (95% CI) 
n = 31,555 
Sex (Ref = Male)       
     Female 1.26 (1.17, 1.35)* 1.22 (1.19, 1.26)* 1.15 (1.11, 1.18) 1.53 (1.21, 1.93)* 1.61 (1.47, 1.77)* 1.54 (1.44, 1.65)* 
Race (Ref = Non-Hispanic White)      
     Hispanic 1.02 (0.93, 1.11) 0.97 (0.93, 1.01) 0.94 (0.89, 0.99) 1.01 (0.75, 1.36) 0.72 (0.63, 0.83)* 0.71 (0.63, 0.80)* 
     Non-Hispanic Black 0.93 (0.84, 1.02) 0.93 (0.89, 0.98)* 0.89 (0.85, 0.93) 0.80 (0.57, 1.13) 0.74 (0.65, 0.85)* 0.70 (0.64, 0.78)* 
     Non-Hispanic other 0.93 (0.82, 1.06) 0.93 (0.87, 0.99)* 0.84 (0.78, 0.91) 0.62 (0.39, 0.99)* 0.51 (0.40, 0.66)* 0.53 (0.44, 0.64)* 
Marital status (Ref = Married)      
     Previously married 0.93 (0.75, 1.14) 0.98 (0.95, 1.03) 1.01 (0.96, 1.06) 1.37 (0.65, 2.88) 1.18 (1.04, 1.33)* 0.97 (0.90, 1.04) 
     Single/ Never married 0.99 (0.89, 1.09) 1.03 (0.99, 1.07) 1.00 (0.96, 1.03) 1.50 (1.01, 2.23) 1.06 (0.94, 1.18) 1.03 (0.93, 1.13) 
Children in home (Ref = No) 1.06 (0.98, 1.15) 1.10 (1.06, 1.14)* 1.14 (1.10, 1.18)* 0.86 (0.65, 1.15) 0.77 (0.69, 0.85)* 0.91 (0.83, 0.99)* 
Education (Ref = ≥ Some college)      
       High School diploma/ GED 0.89 (0.82, 0.97)* 0.94 (0.91, 0.98)* 0.98 (0.95, 1.02) 0.93 (0.70, 1.24) 0.90 (0.80, 1.00) 0.89 (0.83, 0.96)* 
    < High School diploma 098 (0.88, 1.09) 0.85 (0.80, 0.89)* 0.92 (0.88, 0.97)* 1.00 (0.69, 1.45) 0.80 (0.68, 0.94)* 0.91 (0.82, 1.01) 
Employment in last 12 months (Ref = No) 1.10 (1.00, 1.20)* 1.07 (1.03, 1.12)* 1.12 (1.08, 1.16)* 0.81 (0.61, 1.06) 0.80 (0.72, 0.90)* 0.76 (0.71, 0.82)* 
Poverty status (Ref = Not poor [≥ 200% FPT])      
     Poor (< 100% FPT) 1.09 (1.01, 1.17)* 1.00 (0.95, 1.04) 1.01 (0.96, 1.05) 0.97 (0.75, 1.27) 1.12 (0.98, 1.28) 1.07 (0.97, 1.18) 
     Near poor (< 100%≤ FPT< 200%) 0.97 (0.88, 1.05) 1.01 (0.97, 1.04) 0.99 (0.95, 1.03) 0.98 (9.72, 1.32) 0.93 (0.83, 1.05) 0.96 (0.88, 1.06) 
Region (Reference = West)       
     Midwest 0.96 (0.88, 1.05) 0.98 (0.94, 1.02) 0.93 (0.89, 0.98)* 0.85 (0.62, 1.16) 1.04 (0.92, 1.18) 0.86 (0.78, 0.95)* 
    Northeast 0.88 (0.78, 0.98)* 0.97 (0.93, 1.02) 0.93 (0.89, 0.98)* 0.42 (0.28, 0.62)* 0.95 (0.82, 1.10) 0.87 (0.78, 0.96)* 
    South 0.88 (0.81, 0.95)* 0.94 (0.90, 0.97) 0.93 (0.89, 0.96)* 0.92 (0.69, 1.23) 1.12 (0.99, 1.25) 1.01 (0.93, 1.10) 
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 Waking not rested 
b Use of medication for sleep c 
Characteristic 
Age 18-24  
APR (95% CI) 
Age 25-44 
APR (95% CI) 
Age 44-65 
APR (95% CI) 
Age 18-24  
APR (95% CI) 
Age 25-44 
APR (95% CI) 
Age 45-65 
APR (95% CI 
BMI (Ref = Normal [18.5-24.9])      
     Underweight (< 18.5) 1.14 (0.98, 1.34) 1.00 (0.90, 1.12) 1.05 (0.91, 1.21) 1.06 (0.63, 1.80) 0.96 (0.68, 1.34) 1.22 (0.93, 1.60) 
     Overweight (25-29.9) 1.02 (0.94, 1.10) 1.00 (0.97, 1.04) 1.04 (0.99, 1.08) 0.82 (0.63, 1.07) 1.00 (0.90, 1.12) 1.05 (0.97, 1.14) 
     Obesity Class I (30-34.9) 1.05 (0.96, 1.16) 1.01 (0.97, 1.06) 1.06 (1.01, 1.11)* 1.21 (0.83, 1.76) 1.01 (0.88, 1.15) 1.00 (0.91, 1.09) 
     Obesity Class II,III (≥ 35.0) 1.11 (0.98, 1.25) 1.01 (0.97, 1.06) 1.09 (1.04, 1.15)* 0.83 (0.56, 1.24) 0.93 (0.81, 1.06) 0.94 (0.85, 1.04) 
Smoking Status (Ref = Never smoked)      
     Former smoker 1.13 (1.00, 1.28)* 1.03 (0.99, 1.07)* 0.99 (0.95, 1.02) 1.67 (1.10, 2.52)* 1.22 (1.09, 1.37)* 1.12 (1.04, 1.22)* 
     Current smoker 1.12 (1.02, 1.23)* 1.03 (0.99, 1.07)* 1.05 (1.01, 1.10)* 1.43 (1.07, 1.90)* 1.18 (1.05, 1.33)* 1.07 (0.98, 1.16) 
Alcohol (Ref = Lifetime abstainer)      
     Former drinker 1.01 (0.87, 1.18) 1.24 (1.17, 1.32)* 1.09 (1.04, 1.15)* 0.84 (0.41, 1.75) 1.26 (1.05, 1.52)* 1.10 (0.99, 1.23) 
     Current drinker 1.17 (1.07, 1.26)* 1.20 (1.15, 1.27)* 1.14 (1.08, 1.20)* 1.17 (0.88, 1.57) 1.31 (1.13, 1.53)* 1.15 (1.04, 1.28)* 
Combined activity guidelines d (Ref = Meets aerobic and strength)    
      Meets aerobic only 0.99 (0.91, 1.08) 1.00 (0.97, 1.04) 1.07 (1.01, 1.12)* 0.84 (0.62, 1.11) 0.87 (0.77, 0.98) 0.91 (0.82, 1.01) 
      Meets strength only 1.12 (0.92, 1.36) 1.05 (0.97, 1.15) 1.17 (1.08, 1.27)* 1.28 (0.76, 2.16) 0.85 (0.65, 1.11) 1.13 (0.96, 1.33) 
      Meets neither 1.03 (0.94, 1.12) 1.02 (0.98, 1.06) 1.14 (1.08, 1.20)* 0.83 (0.62, 1.12) 0.94 (0.83, 1.06) 0.91 (0.83, 1.01) 
Health status (Ref = Very good/ Excellent)      
    Good 1.07 (0.99, 1.16) 1.15 (1.11, 1.19)* 1.16 (1.12, 1.21)* 1.42 (1.08, 1.88)* 1.31 (1.17, 1.47)* 1.25 (1.15, 1.36)* 
    Fair/ Poor 1.16 (1.04, 1.30)* 1.20 (1.14, 1.25)* 1.36 (1.30, 1.43)* 2.24  (1.48, 3.38)* 1.93 (1.69, 2.21)* 1.81 (1.64, 2.00)* 
Serious psychological distress (Ref = No) 1.43 (1.31, 1.56)* 1.29 (1.23, 1.36)* 1.31 (1.26, 1.36)* 1.57 (1.09, 2.27)* 2.13 (1.87, 2.44)* 1.67 (1.52, 1.83)* 
Any pain (Ref = No) 1.47 (1.37, 1.57)* 1.36 (1.32, 1.41)* 1.50 (1.44, 1.56)* 1.93 (1.49, 2.52)* 1.93 (1.75, 2.14)* 1.74 (1.60, 1.89)* 
Duration of sleep a (Reference = Meets NSF recommendations)      
    Does not meet NSF recommendations  1.66 (1.55, 1.77)* 1.71 (1.66, 1.76)* 1.76 (1.71, 1.82)* 1.08 (0.86, 1.35) 1.19 (1.08, 1.30)* 1.24 (1.16, 1.33)* 
Abbreviations: APR, Adjusted Prevalence Ratio; CI, Confidence Interval; BMI, Body Mass Index; FPT, Federal Poverty Threshold; GED, General Education Development high 
school equivalency diploma; NSF, National Sleep Foundation; Ref, Reference 
 a NSF recommendations are 7-9 hours of sleep per day for adults 18-64 years of age 
 b At least 3 times in the past week 
c 1 or more times in the past week 
 d Based on 2008 Physical Activity Guidelines for Americans 
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Appendix D: Age Stratified Models (Cont’d) 
Table 7c  
Modified Poisson Regression of Sleep Outcomes on Sociodemographic and Health 
Characteristics among US Men and Women Aged 18-65, National Health Interview Survey 
2014-2016 (N = 69,587) Stratified by Age Category 
 
    Does not meet NSF sleep duration Recommendations a 
 
Characteristic 
Age 18-24  
APR (95% CI) 
n = 8,269 
Age 25-44 
APR (95% CI) 
n = 29,763 
Age 44-65 
APR (95% CI) 
n = 31,555 
Sex (Reference = Male)    
     Female 1.00 (0.91, 1.10) 1.01 (0.97, 1.05) 0.98 (0.94, 1.01) 
Race (Reference = Non-Hispanic White)   
     Hispanic 1.12 (1.00, 1.27) 1.08 (1.02,1.19)* 0.99 (0.93, 1.06) 
     Non-Hispanic Black 1.48 (1.32, 1.67)* 1.34 (1.27, 1.42)* 1.27 (1.21, 1.33)* 
     Non-Hispanic other 1.39 (1.18, 1.63)* 1.10 (1.01, 1.19)* 1.10 (1.01, 1.20)* 
Marital Status (Reference = Married)   
     Previously married 0.93 (0.67, 1.29) 1.23 (1.16, 1.30)* 1.15 (1.10, 1.20)* 
     Single/ Never married 0.84 (0.74, 0.96)* 1.03 (0.98, 1.08) 1.05 (0.99, 1.11) 
Children in home (Reference = No) 1.13 (1.02, 1.24)* 1.20 (1.14, 1.25)* 1.10 (1.05, 1.15)* 
Education (Reference = ≥ Some college)   
       High School diploma/ GED 1.04 (0.94, 1.16) 0.96 (0.91, 1.01) 1.01 (0.96, 1.06) 
    < High School diploma 0.93 (0.80, 1.07) 0.87 (0.81, 0.94)* 0.98 (0.92, 1.04) 
Employment in last 12 months (Reference = No) 1.22 (1.08, 1.36)* 1.08 (1.02, 1.15)* 1.07 (1.02, 1.12)* 
Poverty Status (Reference = Not poor [≥ 200% FPT])   
     Poor (< 100% FPT) 1.07 (0.97, 1.18) 1.01 (0.95, 1.08) 1.01 (0.95, 1.07) 
     Near poor (< 100%≤ FPT< 200%) 1.12 (1.00, 1.25) 1.08 (1.03, 1.14)* 1.02 (0.97, 1.07) 
Region (Reference = West)    
     Midwest 1.00 (0.88, 1.14) 1.05 (0.99, 1.12) 0.95 (0.90, 1.01) 
    Northeast 0.95 (0.82, 1.11) 1.02 (0.96, 1.10) 0.99 (0.93, 1.06) 
    South 1.10 (0.98, 1.23) 1.02 (0.96, 1.07) 1.04 (0.99, 1.09) 
BMI (Reference = Normal [18.5-24.9])   
     Underweight (< 18.5) 1.14 (0.92, 1.41) 1.19 (1.00, 1.40)* 1.07 (0.92, 1.25) 
     Overweight (25-29.9) 1.10 (0.99, 1.22) 1.10 (1.05, 1.16)* 1.05 (1.00, 1.10) 
     Obesity Class I (30-34.9) 1.10 (0.96, 1.25) 1.21 (1.14, 1.29)* 1.08 (1.03, 1.15)* 
     Obesity Class II,III (≥ 35.0) 0.99 (0.83, 1.17) 1.27 (1.19, 1.35)* 1.13 (1.07, 1.20)* 
Smoking Status (Reference = Never smoked)   
     Former smoker 1.37 (1.15, 1.62)* 1.12 (1.06, 1.18)* 1.08 (1.03, 1.13)* 
     Current smoker 1.31 (1.16, 1.48)* 1.23 (1.17, 1.30)* 1.21 (1.15, 1.28)* 
Alcohol (Reference = Lifetime abstainer)   
     Former drinker 1.33 (1.10, 1.61)* 1.11 (1.03, 1.20)* 1.00 (0.94, 1.06) 
     Current drinker 1.05 (0.94, 1.18) 1.06 (1.00, 1.13)* 0.95 (0.90, 1.00) 
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    Does not meet NSF sleep duration Recommendations a 
 
Characteristic 
Age 18-24  
APR (95% CI) 
Age 25-44 
APR (95% CI) 
Age 44-65 
APR (95% CI) 
Combined activity guidelines b (Reference = Meets aerobic and strength) 
        Meets aerobic only 1.00 (0.89, 1.12) 0.97 (0.92, 1.03) 1.01 (0.95, 1.07) 
        Meets strength only 0.84 (0.63, 1.13) 0.93 (0.83, 1.06) 1.20 (1.08, 1.32)* 
        Meets neither 1.06 (0.94, 1.19) 0.95 (0.90, 1.01) 1.05 (0.99, 1.12) 
Health status (Reference = Very good/ Excellent)   
    Good 1.09 (0.98,1.21) 1.15 (1.10, 1.21)* 1.15 (1.10, 1.20)* 
    Fair/ Poor 1.50 (1.28, 1.76)* 1.27 (1.18, 1.36)* 1.33 (1.25, 1.40)* 
Serious psychological distress (Reference = No) 1.52 (1.29, 1.70)* 1.48 (1.37, 1.60)* 1.46 (1.38, 1.55)* 
Any pain (Reference = No) 1.35 (1.23, 1.48)* 1.28, (1.23, 1.33)* 1.27 (1.21, 1.32)* 
Abbreviations: APR, Adjusted Prevalence Ratio; CI, Confidence Interval; BMI, Body Mass Index; FPT, Federal Poverty 
Threshold; GED, General Education Development high school equivalency diploma; NSF, National Sleep Foundation 
 a NSF recommendations include 7-9 hours of sleep per day for adults 18-64 years of age 
 b Based on 2008 Physical Activity Guidelines for Americans 
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Appendix E: List of Competencies Met in Integrative Learning Experience  
Wright State Program Public Health Competencies Checklist 
 
Assess and utilize quantitative and qualitative data. 
Apply analytical reasoning and methods in data analysis to describe the health of a community. 
Address population diversity when developing policies, programs, and services. 
Make evidence-informed decisions in public health practice. 
Evaluate and interpret evidence, including strengths, limitations, and practical implications. 
Demonstrate ethical standards in research, data collection and management, data analysis, and 
communication. 
Explain public health as part of a larger inter-related system of organizations that influence the health of 
populations at local, national, and global levels. 
 
Concentration Specific Competencies Checklist 
 
Population Health Concentration 
Explain a population health approach to improving health status 
Use evidence-based problem solving in the context of a particular population health challenge. 
Demonstrate application of an advanced qualitative or quantitative research methodology. 
Demonstrate the ability to contextualize and integrate knowledge of a specific population health issue. 
 
